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1. GENERAL INFORMATION 




Fif^ure 1-1, Model LBO-32S Dual-trace Oscilloscope 



1-1 INTRODUCTION 

The LBO-325, shown in Figure I-l, is 60 MHz 
dual 'trace oscilloscope with many quality features: high 
fidelity pulse response, dual timebascs with sweep delay and 
alternate sweep, flexible triggering facilities, a bright CRT 
display, channel 1 output, and a delay line. Yet. all these 
features appear in a device small enough to fit in an attache 
case, and which w^eighs a mere nine pounds! 

Amplitude measuremeut accuracy is enhanced by precision 
step attenuators and a CRT with iiiuniinated internal graticule. 
Similarly, time- interval measurcnients are enhanced by a 
calibrated delay-time multiplier and sweep magnification. 

The triggering facilities of the LBO-325 include several 
features' that provide a near guarantee of stable triggering 
no matter what the signal characieristic.s, due to trequeney- 
sclectivc coupling filters, trigger holdofl'. and a trigger pick- 
off that alternates between the two vertical channel.s. 

1-2 SPECIFICATIONS 

Specifications for the model LBO-325 oscilloscope are 
given in Table 1-1. Specifications for the nuxlc) LP-060X 
scope probes are given in Table 1 -2 . 



Tabit! M 

LBO-325 SPEC IFICATIONS 

Vertical Amplifiers (Ch. 1 & 2) 



Bandwidth (-3 dB, 8 div.) 
DC coupled 

AC coupled 

Risetinie 

Deflection Coefficients 

Accuracy 

Input Impedance 
Maximum Input Voltage 



JX! to 60 MHz, normal 
IX to 5 MHz magnified 
10 Hz to 60 MHz nonnal 
10 Hz to 5 MHz magnified 
. 8 nS normal 
■?0 nS magnified 
5 mV/cm to 5 V/cin in 10 cfiJi- 
hraicd steps. 1-2-5 sequence. 
Continuously variable between 
steps. 5X magnifier adds I 
■iiV/cm, and 2 mV /cm steps 
dr frequencies up to 5 MHz. 
±3% normal 
± 5 % magnified 

] megohm ±1.5%. 30pF ±5 pF 
400 V (DC plus AC ptak) 
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Vertical Display Modes 


CH-1 only, CH-2 only. CH-1 
& CH-2 displayed alternately, 
CH-l & CH-2 chopped 
(switched at 250 kHz rate), 
CH-1 &CH-2 added, 

CH-I & CH-2 subtracted (by 
inverting CH-2) 


Channel 1 Output 


50 mV/div into 50 ohms 


Signal Delay 


20 nS noinijial 


Horizontal Amplifier {X-V Mode) 


Bandwidth {-3 dB) 


ex? coupled 


DC to 1 MHz 


AC coupled 


10 Hz to 1 MHz 


Phase Shift 


<3° at 100 kHz 


Deflection Coefficients 


Same as Vertical Amplifier 


Accuracy 


Same as Vertical Amplifier 


Input Impedance 


Same as Vertical Amplifier 


Maximum Input Voltage 


Same as Vertical Amplifier 


Timebase Generatopi 


Display Modes 


Main timebasc only. Main 
timebasc intensified and de- 
layed timebasc, Delayed time- 
base only. 


Main (A) Timebasc Spccd,s 


0.2/zS/cm to 0.2 S/cm in lO 
calibrated steps, 1-2-5 se- 
quence. Continuously vari- 
able between steps. 


Delayed (B) Timebasc 


,2/zS/cm to 0.5 mS/cm in 1 1 


Speeds 


calibrated steps, 1-2-5 se- 
quence. 


Magnifier 


lOX deflection increase at any 
timebasc, setting extends 
fastest .sweep speeds of main 
and delayed timebases to 20 
nS/cm, 


Accuracy 


1:3% normal, ±5% magnfied 


Delay Time 


Continuously-variable multi- 
plier w'ith 1000 divisions. Ac- 
curacy approximately ±3%. 


Delayed Timbasc Jitter 


1 part in 10,000 


Triggering 


Sources 


Channel 1 , Channel 2, Alter- 
nate. Line, External 


A Timebasc Modes 


Auto, Nomial 


B Timebasc Modes 


Immediate (after delay time) 
Triggered (after first trigger 
oecuring after delay lime) 


Coupling 


AC, HF Rejects T\' Vertical, 
TV Horizontal 


Slope 


+ or - 


Holdoff 


Normal, Variable up to one 
sweep 



Sensitivity (INT trigger) 


30 Hz to 10 MHz: 0.5 div. 
2 Hz to 60 MHz: 1.5 div. 


Sensitivity (EXT trigger) 


30 Hz to 10MHz:0.2Vp-p 
2 Hz to 60 MHz: 0 6V p-p 


A ulo Trigger Cutoff 


30 Hz for above sen.siliviiies 


Input Impedance 


1 jnegohm, 20 pF 


Maximum Input Voltage 


400 V (DC pi us AC peak ) 


Calibrator 


Output Voltage 


5(X) mV p-p :!:2%, positive- 
going, ground referenced 


Frequency 


Approximately 1 kHz 


Waveform 


Fast -rise square w'ave 


Z-Axis Modulation 


Level for Blanking 


4 2.510+8 V(TTL 
compatible) 


Coupling 


DC 


Input Impedance 


18 k-ohms 


Bandwidth 


1 MHz 


Maximum Input Voltage 
CRT Display 


50 V (DC plus AC peak) 


Typo 


3. 5-inch PDA 


Phosphor 


P31 


Accelerating Potential 


12kV/2 kV 


Graticule 


Internal 6.35 mm square divi- 
sions, 8 divs. high and 10 divs. 
w'ide. Central axes subdivided 
into 1 .28 mm graduations. 


Graticule Illumination 


Continuously variable 


Physical & Environmental Data 


Size(W X H X D) 


9 X 3 X tl ->ti inches 
230 X 75 X 290 mm 


Weight 


9 lbs. (4.1 kg) 


Ambient Operating 
Temperature 


0"- 4(rC (32T - IC4“F) 


Power Requirements 


Line Voltage 


100, 120,200,220,240 Vac 
±10% 


Line Frequency 


50 - 60 Hz 


Power Consumption 


30 W 



Supplied Accessories 

Inslniaion Manual 
T wo (2) type LP-060X Probes 
Two (2) BNC-to-bindjng post 
Adapters 
Line Cord 
Sparc Fasc 
Front Cover 
Viewing HtKxl 
Carrying Case 




Table 1-2 

LP-060X SPECIFICATIONS 



lOX Position 

In| ut Impcdanci: 10 megohms in parallel with 

25 pF 

Vcitage Division Ratio 10: i ±2% 

Bandwidth DC-60 MJHz 

Maximum Input Voltage 600 V {DC plus AC peak) 

2. OPERATING 

This section contains the infomiation needed to operate the 
Lli 0-325 and utilize it in a variety of basic and advanced 
riKasuremeni procedures. Included an: the identification and 
furction of controls, connectors, and indicators, startup 
pnurcdurcs, basic operating routines, and sclcclcd nieasure- 
mLnt procedures, 

2-1 FUNCTION OF CONTROLS, 

CONNECTORS, AND INDICATORS 

Before turning on this instrument, familiarize yourself 
WT h the controls, connectors, indicators, and other features 
de icribed in this section. Tlic following descriptions are 
kc /cd to the items called out in Figures 2-1 to 2^. 

2 - 1-1 Display Block 

Refer to Figure 2-1 for references ( f ) to (8). 

(T CAL connector Provides a fast-rise square 

wave of precise amplitude for 
probe adjustment and vertical 
amplifier calibration. 

(2; INTEN control To adjust the brightness of the 

CRT display, Clockwise ro- 
tation increases brightness. 
Push in to extend for making 
adjustment, then push again to 
recess. 



IX Position 

Input Impedance J megohm (scope input resist- 

ance) n parallel with approxi- 
mate I > 250 pF (combined 

prrjbc and scope capacitance) 
Bandwidth DC-5 MHz 

Maximum Input Voltage 600 V (DC plus AC peak) 

INSTRUCTIONS 

(3) FtX^ US control To ottain maximum trace 

sharpness. Push in to extend 
for making adjustments, then 
push again to reces-s. 

(4) TRACE ROTATION Providi;s screwdriver adjust- 

control ment cf trace alignment with 

regard to the horizontal 
graticule lines of the CRT. 

(5) ILLUM control To adjust graticule illumina- 

tion. (Tockwise rotation in- 
creases graticule brightness. 
Push in to extend for making 
adjusinenis, then push again 
to rccc.es . 

(6) POWER lamp Lights when power is on. 

(7) POWER switcli Push in to turn instniment 

power :>n and off. 

(8) CRT Display device having grati- 

cule lines inscribed on the 
inner sarface for paraJIax-frcc 
measuicmcnts. Blue filter 
provides good uontra.sl and 
pleasing display. 




Figure 2 - 1 , Display block 
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j -1-2 Vertical AmpLifier Block 

Refer lo Figure 2-2 for references (9) lo (17). and Figure 
; - 4 for reference (IK). 



(9) CHJorXIN 
connector 



.10) CH 2 or YIN 
connector 



;il) VOLTS/DIV 
■s\^' itches 

(12) VARIABLE controls 



(12) PULL X5 MAG 
switches 



For applying an input signal to 
vonical-amplifier channel 1. 
or the X’ajtis (horizontal) am- 
plifier during X-Y operation. 

For applying an input signal to 
venical-amplificr channel 2, 
or the Y-axis (vertical) ampli- 
fier during X-Y operation. 

To select the calibrated dcflee- 
lion factor of the input signals 
fed to tlie vertical amplifiers. 

Pro V ide co nt i n uous I y ■ \ ari ah Ic 
adjuslJTicnl of deflection factor 
between steps of the VOLTS/ 
DIV switches. VOLTS/DIV 
calibrations arc accurate only 
when the VARIABLE u^ntroL 
arc click-.stopped in their fully 
clockwise posiliorr 

To increase the vertical ampli- 
fier .sensitivity by 5 time.s. The 
effective scale factor of the 
mo.st sensitive position of the 
VOLT'S/DIV switch IS there- 
by increased to 1 mV/di v. 



(13) AC/GND/DC 
switches 



(M) CH 1 Vertical 
Position Control 



(15) CH2Veriical 

or Y Position Control 



( 1 6) V MODE switches 



To .select the method of 
coupling I he input signals to 
the vertical amplifiers 
AC fw>sition connects a capa- 
citor between the input connec- 
tor an J its associated amplifier 
circui:r>‘ to block any DC 
compincm in the input signal. 
GND position connecls the 
amplifier input to ground 
instead of the input connector, 
so a round reference can be 
established. 

rXT position connects the atn- 
plifiei (iipuis directly to the 
;i5sociated input connector, 
theroliy piis-sing all signal com- 
ponents on to the amplifiers. 

For vertically ]x>sit inning trace 

1 on the CRT .screen. Clock- 
wise rotation moves the trace 
up inoperative during X-Y 
operation. 

sertieally positioning trace 

2 on the CRT screen. Clock- 
wi.se rotation moves the trace 
up. Adjusts the Y axis of the 
trace during X-Y operation. 

To select the vertical -anipli- 
fier display mode. 

CH 1 pushbutton displays 
only the channel 1 input signal 
on the CRT when pressed. 

CH 2 pushbutton displays 
only the channel 2 input signal 
on tlic CRT w'hen pres.scd. 
ADI) mode is attained by 
presdng both the CH 1 and 
CH 2 pushbuttons simultan- 
eously. The resulting single 
trace is the algebraic sum of 
the :hannel 1 and channel 2 
input signals. This results in a 
differential display if the CH 2 
IN V pushbutton is also pressed 
in. 

CH<)P pushbutton displays the 
input signals of both channels 
whe n pres-sed . The CRT beain 
is switched between channels 
at a 250 kHz rate during the 
horizontal sweep to achieve 
this multichannel display. 

AC7‘ pushbutton also displays 
the input signals of both chan- 
nels when pressed. However, 
the CRT beam is switched 
between cliannds at the eud of 
each sweep to achieve thi.s 
multi-channel display. 




Fif^urc 2-2, VerlkaJ amplfficr block 



(17) CH 2 INV switch Inverts the polarity of the 
chi-nncl 2 signal when pushed 
in. 
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{ 8) CH I OIjTPLT Provides y channel I signal 

connector output suitable for driving a 

frequency counlcT or other 
insmjiTieni. 

^ -1-3 Sweep and Trigger Block 

Refer to Figure 2-3 for references (20) to (28) and (30) to 
( 34). and to Figure 2-4 for reference (29). 



(20) A TIME/Drv switch 



(21) BTIMF./DIV switch 



(22) Time VARIABLE 
control 



123) DLY TIME MULT 
control 



24) Horizontal or 

X Position control 



;24) PULL XIO MAG 
switch (on Hor. 
Pos. control) 



(25) TRACE SEP control 



(26) HOR DISP switches 



To select either the calibrated 
sweep rate of the main (A) 
liniebase. the delay time range 
for delayed -sweep 0 [x.Tation, 
or X- Y ojxTaiion 

To select the calibrated sweep 
rate of the delayed (B) tinx'- 
base . 

Provides coriiiriuous I y- variable 
adjustment of sw'eep rate be- 
tween steps of the A TIME/ 
DIV switch, Tl ME/DI V cali- 
h rat ions are accurate only 
when (he Time VARIABLE 
control is click -stopped fully 
clockwMsc. 

To delennine the exact starting 
point within the A timebase 
delay range at which the B 
timebase will begin sweeping. 
Hic absolute delay time is 
equal to the sweep time rate (A 
TIME/DIV) multiplied by the 
DLY TIME MULT setting. 

To adjust the horizontal posi- 
tion of the traces displayed on 
(he CRT. Clockwise rotation 
moves the tracers ) hi the right. 
During X Y operation, this 
control must be used for 
X-axis positioning. 

To expand the horizontal de- 
flection by 10 times, thus in- 
emasing horizontal sensitivity 
by 10 times for X-Y operation. 
TTie effective sweep rule is 
also increased by 10 times, 
making 20 nS per div. the 
highest sweep rale available. 

Pcniiits adju.sting the distance 
betwccti corresponding A and 
B tracc.s when the ALT sweep 
mode is seleefcd. Push in to 
extend for making adjusimcuLs, 
then push in again to recess 

To select tJie sweep mode. 

A pushbutton sw'ceps the CRT 
at the main (A) timehase rate 
when pressed, 

B pushbutton sweeps the CRT 
at the rate selected by Ihe B 
TIME/UIV switch, after a 
delay determined hy the A 
TIME/DIV .switch and DL.Y 



TIME MUI.'f control. The 
traec(ii ) displayed over the full 
CRT graticule width corre- 
spond:; to the inlcnsitied 
section of A trace displayed 
during ALT ojxralion. 

ALT sweep is selected by 
sirnult ineously pre.ssing both 
A anc B pushbuttons. This 
displays A- and B-timehase 
lracc.s. with the section of the 
A- lime base trace correspond- 
ing to the B trace intensified. 
'Lire location of the intensified 
section is deiennined by the 
DIA TIME MULT control 
and TRIG'D switch settings. 

(27) TRIG’D swatch When released, the B sweep 

begins immediately after the 
delay time, as detenu ined hy 
the A TIME/DIV switch and 
DLY HME MULT control . 
When presss:d in. the B sweep 
is triggered by the first trigger 
pulse occuring after the delay 
time. The effective delay time 
is adrUstable only in whole 
incre.nenLs of the time between 
trigger pulses. Moreover, if 
TV-V trigger coupling is 
selected lor the A timebase, 
TV-H trigger coupling is 
automatically inserted in the 
B -timebase trigger circuits. 




Figure 2-3. Sweep ard trigger block 
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(20 SOURCE switches 



( 2 '>) EXT TRIG IN 
connector 

(30) COUPLING switches 



CH 1 pushbutton selects the 
channel I signal as the trigger 
source when pres-sed. 

CH 2 pushbutton selects (he 
channel 2 signal as the trigger 
source when pressed. 
Simultaneously pressing both 
CH I and CH 2 pushbuttons 
selects a trigger mode that 
allows a stable display of two 
asynchronous signals on the 
CRT. Mu.st be used in conjunc- 
tion with the A1.T V MODE. 
LINE pushbutton sdcct.s a 
trigger derived from the AC 
power line when pressed This 
perm its the scope to stable! y 
display line-rclalcd compo- 
nents of a signal even if they 
are very small compared to 
other con)poncnis of that 
signal. 

EXT pushbutton selects the 
signal applied to tbe EXT 
TRIG IN connector when 
pressed. 

Rear-panel connector for 
applying an external signal to 
the trigger circuits. 

To W:lcct the frequency char- 
acteristics of the trigger-circuit 
coupling. 

AC pushbutton inserts a large 
capacitor in the trigger-coup- 
ling chain to remove any DC 
coniponenLs from the trigger 
signal. AC signals below 2 Hz 
also are attenuated, as is the 
case in all of the following 
trigger -coupling modes. 

HF REJ pushbutton inserts a 
filter in the trigger-coupling 
chain that remove.s signal 
components higher in fre- 
quency than 100 kHz. 

TV 11 pushbutton inserts a 
shaping filter (TV sync separ- 
ator) whose high-frequency 
output is used for triggering. 
HF REJ and TV H pushbuttons 



(31 ) TRIG switch (on 
LEVEL contTOl) 



(3 !) LEVEL control 



(32) SLOPE switch 

(33) HOLDOFF control 



(34) TOIG’Dlamp 



prc.sscd simultaneously insert 
a shaping filter (TV sync 
separator) whose low-fre- 
quency output is used for 
triggering. 

To select the triggering mode. 
When pushed in (AUTO posi- 
tion), sweep free runs and a 
base lint: is displayed in the 
absence of a signal. Auto- 
matically .switches to triggered 
sweep ^vhcn a signal of 30 Hz 
or highi.T i.s present and other 
trigger controls are properly 
set. 

When pulled out (NORM 
position), sweep occurs only 
when a trigger signal is 
present and other trigger 
controls: are properly set. No 
trace is visible if any trigger 
requirement is missing. 

To sefjct the trigger-signal 
amplitude at which triggering 
occurs. When rotated dock- 
wise, the trigger point movc.s 
toward the positive peak of (he 
trigger .signal. When this 
control is rotated counter- 
clockwise, the trigger point 
moves towards the negative 
peak of the trigger signd. 

To scle:t the positive or nega- 
tive slope of the trigger signal 
for initialing sw'ecp. 

Allows triggering on certain 
complex signals by changing 
holdon'(dead tiii>c) of the main 
(A) timebase. This avoids 
inggenng on intermediate 
trigger points w'iihin the 
rcpelitijn cycle of the desired 
display. The holdoff time is 
increased with ckx;kwise 
rotation. Push in to extend for 
niakinc adjustments, then 
push ag.ain to recess. 

NORM (fully counterclock- 
wise lotation) is best for 
ordinary signals. 

Indicates when the sweep 
generator is being triggered. 
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2-1-4 Miscellaneous Features 

liefer lo Figure 2-4 fur references (35) to ( 42 ) and (10). 

(35) FUSE Holder Receptacle permits quick fuse 

replacement without opening 
case. Insert No. 2 Philips 
screwdriver in cross slot and 
rotate CCW to remove cap and 
fuse. When replacing fu.se, 
make sure its ratings match 
iJiose shown in the FXISE 
DATA chart. 

(3h) Power Connector Permits reinova] or replace- 
ment of AC power cord. 

(37) FUSE DATA chart Indicates the proper fuse rating 
for each operating/ voltage 
range . 



(3S) Back* panel Fiumpers S upper: the oscilloscoi>e for 
vertical operation and protects 
the bact-pancl features. 

(39) Bottom Feet Support the osciilascope for 

shelf mounting. 

(dO) Side Feet Support the oscilloscope in a 

horizor tal position when used 
with thi; carrying handle. 

(dl) Tiltstand Front position stand angles the 

oscijloicope for bench top 
operati'^n and the back posi- 
T!on angles the scope for verti- 
cal ope “at ion. 

( 42 ) Crround Connector Provides an attachment point 
for a separate ground lead. 

(19) 7. AXIS IN connector For applying signal to intensity 
modulate the CRT 




(under) 

Figure 2-4. Rear panel and case features 
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2-2 INITIAL OPERATION 

Before ihc mstruiTicni is operated for The first time, per- 
fomi (he following proc'cdures in the order listed to ensure 
sati; faction and prevent damage to the msiniment. 

2-2- 1 Power Connections 

Tie inslrunienl is nontially shipped wired for a 120- volt 
power source but can be adapted to operate from power 
soul CCS with ± 10% of the rated values given in Table 2-f 
Olie ration wilfi a voltage less than 10% of the rated value may 
result in improper performance of the instnimeni and a vol- 
tage more than 1 0%- in excess of the rated value may damage 
the |)Ower supply circuitry'. I'o change the operating voltage, 
con:.uli Lx^adcr scrv'ice personnel at the address given on the 
had; of this manual. 

2-2 2 IiistaUation 

The LBO-325 will operate in either a horizontal or vertical 
position, .so it is highly .suited for field or laboratory worlt. 
The LBO-325 is shippe.d installed in a soft Carrying Case. It 
can be operated while in this case by opening the protective 
Haps at the front and back. In fact, the instrument can be 
ope'aled while suspended at waist height by looping the 
sho jJdcT strap over the back of your neck! I'his is a great 
eon /cnience when working with equipment ttxi large to be 
put an a workbench. 

In more conventional situations, the instrument can be 
pos tioned on a bench top, riser shelf, or on the floor. If the 
ins' iimenl is placed on a riser shelf above the workbench, 
leaie the Tilistand (41) in the closed pasition (as shipped). 
For bcnchlop mounting, it is advantageous to have the front 
of he inslniincnt tilted upw'ard for si:usghr-on view'ing. 
Unlatch the Tilistand by lifting the bottom-most portion 
av/i y from the case, then snap the tah slot into the front catch 
(See Figure 2-5). 

1 ’ lack of working space requires that the instrument bo 
placed on the floor, you can stand the LBO-325 on end os 
shipped. The Back -panel Bumpers (38) w'ill support the 
inslrument. You can also position the scope at a high tilt 
angle by means of the Tilistand. In this ca.se the tab slot is 
snapped into the rear catch (See Figure 2-5) 

ITic LBO-325 is designed to operate over a temperature 
ranje of tTC to +40“C (32"'F lo KMT) and a humidity range 
of 0 to 90%. Operation in a more severe environment may 
.shfjjien the life of the instrument. 

Operation in a powerful magnetic field may distort the 
wa'^efonn or tilt the trace. This is mo.sl likely to occur if the 
inslrument is operated close to equipment having large 
mo.ors or power tiunsfonners. 



2-j -3 Prelinunary Control SetUn#^ and Adjustments 

Before placing the instrument in use, .set up and check the 
ins rument as follows: 



I . Set the following control.s as indicatcdl. 



VOLTS/DIV switches (I I) 


.2V 


VARIABLE controls (12) 


Fully C\V 


PULL X5 MAG switches (12) 


Pushed in 


AC/G ND/DC switches (1 3) 


AC 


Vertical Position controls ( I4) and ( 15) 


Index up 


V MODE switches (1 6) 


ALT pressed 


CH2|NVswitch(l7) 


Out 


ATIME/DIVswiich(20) 


.2 mS 


Time VARIABLE control (22) 


Fully CW 


Horizontal Pasition control (24) 


Index up 


PULL X lO MAG switch (24) 


Pushed in 


HOR DISP switches (26) 


A pressed 


SOURCE switches (28) 


CH 1 pre.s.sed 


CX2UPL1NG switches (30) 


AC pressed 


IRIG switch (3 1) 


Pusltcd in 


LEVEL control (3 1) 


0 


SLOPE switch (32) 


Out 


HOLDOFF control (33) 


NORM 


INTEN control (2) 


Mid rotation 


FOCUS control (3) 


Mid rotation 


ILLUM coniml (5) 


Fully CCW 



2. Insert the Line Cord into the Powci Connector (36), then 
plug the Line Cord into a convenient AC receptacle. 

3 Press in the POWER switch (7) Shortly, two traces 
should apfvar. If the traces are e:rtrciiicly bright, turn 
the INTEN control (2) cou mere kKk wise. Otherwise, tel 
the iiislrumem warm up for a few iiiinuies. 

CAUTION: A bum-rcsislam fluores- 
cent material i.s used in the C!RT. How- 
ever, il the CRT is left with aJi extremely 
bright dot or trace for a very' long time, 
the fluorescent screen may h*: dainagcri. 

Therefore, if a measurement requires 
high brightne.s,s, be certain to turn down 
the INTEN control immcdiiicly after- 
ward. Alsr>, get in the habii of turning 
The brightness down if the s:opc is left 
unattended for a long time 

4. Turn the INTEN control to adjust the brightness to the 
desired amount. 

5. Turn the FCX^US control (3) fora sharp trace. 

6. Turn the CH ] Vertical Position control ( M) to move the 

I trace tw'o divisious dow'n from the top of the 
graticule. Turn the CH 2 Vertical Position control (1 5) to 
move the CH 2 trace two divisions up from the bottom of 
the gmtieule. 

7. Sec if the traces are precisely parallel with the graticule 
lines. If they arc not, adjust the TRACE ROTATION 
control (4) with a small screwdriver. 

8. Turn the Horizontal Position conir.d (24) to align the left 
edge of the traces with the lefL-mod graticule line. 

9. Connect the CH I or X IN (9) and CH 2 or Y IN (lO) 
connectors to the CAL connector (I). Two squarc-w'avc 
displays, each two divisions in amj5limde, should appear 
on the scrccu. If necessary, adju>.t the LEVEL control 
(3 1 ) for a stable display . 

lO. Disconnect the vertical inputs from the calibrator output. 
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2-3 BASIC OPERATING PROCEDURES 




Figure 2-S. Till^~talId operation 

DIRECTIONS FOR PLACING THE LBO-325 
IN ITS CARRYING CASE 



1 . Unlatch the li its [and from its closed position 

2. Slowly iasen the oscilloscope in the carrying 
ease making sure that you pass the unlatched 
tilLsLmd through the middle (widest) opening of 
the btttiom side of (he case. 

3. Gently push ihe scope in the ca.se making sure 
that the bottom feet of the oscilloscope (rear of 
the oscilloscope) show' through the openings at 
the rear of the case. 

4. Make sure that the liltstand latches show through 
the fioii attd last openings of the bottom .side of 
the ease. 

5 . Latch the tiltsiand to its closed position using the 
latch nearest the back end of the oscilloscope. 

6. Remove the protective plastic from the adhc.sive 
side of the velcro material (inner top side of the 
ease) and press the ease against the oscilloscope 
■SO that the adhesive side of the velcro material 
adheres to the sottpe surface. 

7. Repeal Step No. 6 for the bottom side of ihe 
ease. 

8. For vertical positioning pull liltstand out and lock 
tongue (inner portion) onto the rear latch. 

9. For horizontal positioning pull liltstand out 
and hjck tongue (inner portion) in lo the front 
latch. 



The following paragraphs in this section dc.'icribc h<jw- to 
operate the LBO-325 » beginning A'ith the most elementary 
operating modes, and progressing o the less frcqueritly-uscd 
and/or more complex modes. 



2-3-1 Signal Connections 

There are three methods of conuecling an oscilloscope lo 
the Signal you wu'sh to obser^'c. They are; a simple w'irc lead, 
coa.xiaJ cable, and scope probes. 

A simple lead wire may be sufficient w'hcn the signal level 
i.s high and the .source impedance low (such as TTL circuiiiy), 
but it is not often used. Unshielded wire picks up hum and 
noise: this distoH:s the observed .signal when the signal level 
is low. Also, there is the problem i)f making secure mechani- 
cal connection to the input connectors. A binding posi-to- 
BNC adapter (supplied acccs,sory ) is advisable in this case. 

Coaxial cable is the most popul ir method of connecting an 
oscilloscope to signal sources and cquipnwnt having output 
connectors. The outer conductor of the cable .shields the 
central signal conductor from hum and noise pickup TTiese 
cables are usually fitted w'ith BNC connectors on each end, 
and specialized cables and adaptors are readily available for 
mating with other types of connccior^i. 

Scope probes are the most corr mon method of connecting 
the oscilloscope to circuitry. The;ic probes arc available with 
IX attenuation (direction conneclh>n), lOX and l(X>X 
attenuation. The lOX and lOOX attenuator probes increase 
the effective input impedance ol the probc/scopc combina- 
tion to 10 megohms shunted by a few picorafads. The 
reduction in input capacitance is the most important reason 
for using attenuator probes at high frequencies, where 
capacitance is the major factor ir loading down a circuit and 
distorting the signal. 

Despite their high input impedance, scope probes do not 
pickup appreciable hum or no se. As was the ease with 
cojixiaJ cable, the outer conductor ot the probe cable shields 
th central signal conductor. Sc-opc probes arc also quite 
convenient from a mechanical standpoint. Quality probes 
have a spring-loaded hook cnc that quickly and securely 
holds tile probe to wiring and component leads (see Figure 
2-6). This hook can be removicd to expose a straight tip, 
excellent for use on the non-component side of a pc board or 
for quickly moving from one point to another. 

To detenu ine if a direct conn:ction W'ith shielded cable is 
pcrmis-sible, you must know the source impedance of tl>c 
circuit you arc connecting to, the highe.st frequencies 
involved, and the capacitance of the cable. If any of these 
factors arc unknown, use a lOX low 'Capacitance probe. 

An alternative connection method at high frequencies is 
terminated coaxial cable. A fc:d-ihni terminator having an 
impedance equal to that of the signal-source impedance is 
connected to the oscilloscope input connector. A coaxial 
cable of matching impedance ionnccLs the signal source to 
the terminator. This technique allows using cables of nearly 
any practical length w'ithout signal lo.ss. 

If a low' -resistance ground connection between oscilloscope 
and circuit i.s not established, enormous amounts of hum 
(noise) will appear in the display signal. Generally, the outer 
conductor of shielded cable provides the ground connection. 
If you arc using plain lead wiR- , be certain to first connect a 
ground w'irc between the LBO-325 Ground con- 
nector (42) and the chassis or ground bus of the circuit 
under test. 
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WARNLNG: The LBO-325 hxs aji 
eaith- grounded chas-sis (via ihc 3-prong 
power cord). Be certain the device lo 
which you connect (he scope is trans- 
former operated. Do NOT connect this 
oscilloscope or any other test equip- 
ment lo ' ’AC/DC/' "hot chassis," or 
"irans former I ess" devices. Similarly, 
do NOT connect this scope directly to 
the AC power line or any other circuitry 
connected directly to the power line. 

Damage to the instrument and severe 
injury’ lo the operator may result from 
failure to heed this waming. 

2r3-2 Single-trace Operation 

Single-trace opemiion with single timebase and internal 
triggering is the most elementary operating mode of the 
LBO-325. Use this mode when you wish to observe only a 
single signal, and not be distracted by additional iraecs on the 
CRT. Since the LBO-325 is fundamentally a two-channel 
instrument, you have a choice for single channel operation. 
Channel I has an output terminal; use channel I if you also 
want to measure frequency with an external counter while 
observing the waveform. Channel 2 has a pobrity-invening 
switch. While this adds flexibility, it is not used in ordinary' 
singled race operation. 

The LBO-325 is set up for single-trace operation as follows: 

1 - Set the following control as indicated below. Any controls 
not mentioned here or in the following steps can be 
neglcclcd. Note that the trigger source selected (CH 1 or 
CH 2 SOURCE (28)) must match the single channel 
(CH I orCH2 VMODE(16)>. 



AC/GND/DC switches (13) 


AC 


PULL X5 MAG switches (12) 


Ihished in 


VARIABLE controls (12) 


Fully CW 


V MODE switch (16) 


CH 1 (CH 2) 


CH 2 INVswitch(17) 


Out 


INTEN control (2) 


APS* 


FOCUS control (3) 


APS^ 


POWER switch (7) 


Pushed in 


Time variable control (22) 


Fully CW 


PULL X 10 MAG sw itch (24) 


Pushed in 


Horizontal Position control (24) 


APS* 


HOR DISP switches (26) 


A 


COUPLING switches (30) 


AC 


SOURCE switches (28) 


CH 1 (CH 2) 


SLOPE switch (26) 


+ 


TRIG switch (31) 


Depressed 


LEVEL control (31) 


APS* 


HOLDOFF control (33) 


NORM 



* As previously set. Adjustment may occasionally be 
necessary to suit the circum.stanecs. 

2. Use the corresponding Vertical Position control (14) or 
(15) to set the trace lo the center of the CRT. 

3. Connect the signal lo be observed to the corresponding 
Inpnt connector (9) or (10), and adjust the correspond- 
ing VOLTS/DI V sw' itch (1 1 > so the signal is displayed on 
the CRT. 

CAUTION: Do not apply a signal 
greater than 4(X)V (DC’ + AC peak). 



4. Set the A TIME/DI V switch (2(^) so the desired munberof 
cycles of signal are displayed. For some measurements 
50-100 cycles (appears like a s.olid baud) works best. 
Adjust the LEVFX control (31 ) if nece.ssary for a stable 
display. 

5. ff the signal you wish to ohserv'c is so w'cak that even the 5 
mv position of the VOLTS/DIV switeh cannot produce 
sufficient trace height for iriggc.ring ora useable display, 
pull the variable control (12) knoh. This produces 2 
mV/div sensitivity when the VOLTS/DIV switch is set to 
10 mv, and I mV/div when it is set to 5 niV/div. How- 
ever, the channel bandwidth decreases to 5 MHz and noise 
may become noticeable when this is done. 

b, If the signal you wish to obser/e is so high in frequency 
that even llie .2^5 position erf the A TIME/DIV sw'iich 
results in too many cycles displayed, puli the PULL XIO 
MAG switch (24). This increases the effective sweep 
speed by a facior of 10, so .2^ts/div becomes 20 nS/div, 
.SfiS/div becomes 50 nS/div, ;tc, 'Hie 20 nS/div sw'ecp 
speed achieveablc by mag riir cation is fast enough to 
display a single cycle of a 5 MHz signal across the CRT 
face. 

7. If the signal you w'i,sh toobser^'c is either DC or too low' in 
frequency that AC coupling itienuales or distorts the 
signal, position the AC/GND/I>C switch (13) tu DC'. 

CAUTION: If the obsers'cd wavefonn 
is low-level AC, cnsujc that it is not 
imposed on a high- amplitude DC 
voltage. 

2-3-3 Triggering Alternatives 

Tlxr LBO-325 operator may cl utose from a wide selection 
of trigger option.s. These <ire caKigorized as trigger- source 
options, coupling options, trigge- mode, and trigger-point 
selection. 

Trigger Mode Selection. Whe i the NORM (rigger mode 
is selected^ the CRT beam is not swept horizontally acros.s 
the face of the CRT until a sample of the signal to be observed 
triggers the timebase. However this trigger mode may 
soiiK'l lines be inconvenient becau:^e the trace does not appear 
on the CRT screen in the absence >)f an input signal, or if the 
trigger controls arc improperly sei . Since the absence of the 
trace can also be due to an improperly -set vertical Position 
control or VOLTS/DIV sw'ilch, m jch time can be consumed 
determining the cause. The AUTO trigger mode solves this 
problem hy causing the timebase to automatically free nm 
when not triggered. 'ITiis yields a >ingie horizontal line with 
no signal, and a venically-dcflccied hut non- synchronized 
display w'hcn vertical signal is present but the trigger controls 
improperly set. This immediately indicates what is wrong. 
The only disadvantage with AUTO operation is that signals 
below 30 Hz cannot, and complex signals of any frequency 
may not, reliably trigger the li me5a.se . 'ITiercfore. the usual 
practice is lo leave the TRIG switch (31) depressed, but pull 
for NORM if any signal (particularly one below 30 Hz) fails 
to produce a stable display. 

Trigger Source Options. Trigcier signal can be obtained 
from the signal applied to the \cnical inputs, or from a 
separate source of the same cr a harmonically- related 
frequency. The SOURCE switch (Z8) offers several choices. 

The CH I and CH 2 buttons olTcr a choice of one of the iw'o 
input channels as the trigger source. The clioicc of channels 
remains even if the trigger channel is not displayed; the only 
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CORRECTION 

TRIMMER PROBE 





G. SCHEMATIC REPRESEISfTATION 



CORRECTLY UNDER OVER 

COMPENSATED COMPENSATED COMPENSATED 




d. EFFECTS OF PROBE COMPENSATION 



Irl^urc 2-6, Direci/Low CapaciUmc« Probe LP-060X 
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rt^quircincm is thal signal be applied Uj ihc trigger- source 
channel and (he associated VOLl‘S/DlV switch be set to 
provide sufficient signal ajiiplituclc. Tiie minimum trigger 
amplitude is approximately haJf a major division below' JO 
MHz, and tnereases to I'/z major divisions at 60 MHz.. If 
possible, use at least a full division below 10 MHz, and two 
divisions above 10 MHz. 

If both channels are displayed, and the two signals arc 
different but banrioni cal ly- related frequencies, trigger from 
the lowest “frequency channel if ptxssible. This will ensure 
that both traces are stable. 

Press the ALT button when you want to display two 
signals not hannonically related to each other (720 Hz and 
939 Hz, for example) However, ALT V MODE must be 
used with ALT nigger source. 

The LINE position provides trigger signal at the local 
power line frequency. This is valuable when ob.serving a 
low- level ripple component impo.sed on a large DC voltage, 
or w'ithin a mixture of other AC voltages. The line-frequency 
trigger will syne a signal at any reasonable multiple of the 
power-line frequency. 

The EXT position uses whatever signal is applied to the 
EXT TRIG IN conneetor(29) a.s the trigger source. 




POSiTrVE POLARITY 
SYNCHRONIZATION 



a. Position of SLOPE Switch (32): + 




CAUTION: Do not apply a signal 
greater than 4(X)V (DC plus AC peiik) 
Further, use a 0, l^tF blocking capaci- 
tor in series with this input if the trigger 
signal consists of a small AC signal 
imposed on a large DC level. 



Using any trigger source not derived from the channel you 
are watching has the advantage that changes in the amplitude 
of the signal under ob.servalion (cither directly or by resetting 
the VOLTS/DIV switch) will not cause the display to lose 
sync, even if the amplitude of the observed signal falls below 
a screen division. External trigger has the advantage that 
complex and/or noi.sy signals can be stably displayed as long 
as tl)c trigger signal is (rtx from noise. 

Trigger Coupling Options. The various trigger coupling 
options for the main (A) liincbase increase the prfibabiliiy of 
stable triggering on extremely complex signaJ.s , such as those 
containing several frequencies and/or hum and noi.se. 

The COUPLING switches (30) insert frequency- selective 
fillers that pass certain frequencies on to the trigger circuitry' 
and reject others. The AC pushbutton removes any DC 
component in the trigger signal. Use AC coupling for most 
signals. 

The HF REJ pushbutton cuts off frequencies above 100 
kHz, passing only signals in the 2 Hz to 20 kHz range. Use 
this to remove high-frequency noi.se mixed with a low-fre- 
quency signal. 

TV V and TV H coupling ijisens a IV sync scpiirator into 
Ihc trigger circuit, so a clean trigger signal at either the 
vertical or horizontal rep rate can be removed from a 
composite video signal. TV V coupling is also effeefive in 
securing stable triggering at the low frequeney (60 or 70 Hz) 
of an audio intennodulation distortion test signal. To inggcr 
Ihc scope at the vertical (frame) rate. simulatarKYrusly press 
the HF REJ and TV H pushbuttons. To trigger the scope at 
the horizontal (line) rate, press the TV H pushbutton. When 
cither of the TV pushbuttons are used, the SLOPE switch 
(32) must be matched to the polarity of the video signal. 
Leave the SLOPE pushbutton ont (+ position) for prisiiivc- 
sync signals (Figure 2-7a), and dcprc.ssed (- position) for 
ncgativc-.sync vidw signals (Figure 2-7b). 



Figure 2-7. Sdeetioa of SLOPE Sw itch Portion for TV Sign^s 

Trigger Point Selection. For 3 stable display, the time- 
base must be triggered at the exact same pouu on the recurrent 
wavefonn each time the tinicbase s swept. Thi.s is sometimes 
difficult so the l.BO-325 has three controls that enable the 
operator If) achieve this condition. Tlicy are the LBVEL 
control (31), the SLOPF switch (32), and the HOLDOFF 
control (33). 

The SI. OPE switch determines whether the sw'ccp will 
begin on a positive- going or negative -going slope of the 
trigger signal (see Figure 2-8). In some cases the choice of 




A SAWTOOTH WAVEFORM 




a SQUARE WAVE 
Figure 2-8. SLOPE Switch Sctlkig 
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slope is uniniporta/il. in others it is vitally iiri[M)i1ant to attain 
:: stable and/or jitter-free display. Always select the steepest 
4 nd most stable slope or edge. For example, small changes in 
ne amplitude of (he sawtooth show^n in Figure 2-Ka will 
c au.se jittering if the limebase is triggered on the p<isitive 
(ramp) .slope, but have no effect if triggering occurs on the 
■ egalive slope (a fast-fall edge). In the example show'n in 
Figure 2-8b, both leading and trailing edges are very' steep 
(fa.st rise and fall times). However, this panieularpul.se is the 
t uipul of a leading -edge triggered mnnostable. :md has 
1 iherent puise-width jitter. Triggering from the jittering 
trailing edge will cau.se the entire trace to jitter, making 
( bservalion difficult. Triggering from the stable leading 
edge (+ slope) yields a trace that has only the irailiiig-edge 
1 Her of the original signal. If you are ever in doubt, or have 
iin unsatisfactory display, try both slope setting.s to obtain the 
i ptinuun display. 

Tbe LEVEL control detemiines the point on the selected 
.slope at w'bicb the tnaiii (A) timebase w'ill be triggered, 'llic 
effect of the LEVEL control on the displayed trace is showm 
i 1 Figure 2-9a. The 0, + and - panel markings for this 
control refer to the wavefonn's center crossing and points on 
l le wave Ton n tnore positive ( + ) and more negative t - ) than 
t lis. If the trigger slope is very' steep, as with square waves or 
i igihil pulses, there will be no apparent change in the 
c isplayed trace until die LEVEL control is rotated past the 
r lost positive or most negative trigger point, W' hereupon the 
L isplay W'ill free run (AUTO sw'cep mode) or disappear 
Lomplelely (NORM sweep mode). Try' to trigger at the mid 
foint of slow'-rise wavefonns (such as' sine and triangular 
^/avcforms), since diese are usually ilic areu.s on such w'ave 
loans with the lowest noise level. As Figure 2-9b shows. 
t*iggering on a noisy area will cause instability in the display. 



LEVEL 




a. EHecT of LEVEL Control AdjuiUrtent on Tri<)9ering Siariif>q Pojiiion 



Noite in area where 
irirjijc^rinq occuri rewjltinq 
in jiitennq display 




Stable display achieved 
by moving triggering point 
to non noisy area by means 
ot IovpI control 



ft. Elimm^ition of Jitiertrtq Display by LEVEL Control Adjustrrwni 
Figurt 2-9. LEVEL Conli-ol Adjustment 





Figure 2-10. HOLDOFF Control Adjiistmenl 
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Tliu larger the ajnplitudc of the trigger signal Inputted to 
ti e trigger circuit^;, the greater is the degree of roLilion 
(( ontrol range) over which the LEVEL eonlrol w'iJl maintain 
a stable display. With internal ly-derived trigger, the aetual 
trigger amplitude is proportional to the number of graticule 
d visions occupied by the trace. Therefore, the trigger point 

i.^ more critical with small signals than large. This is one 
nason why it is important to use as much mice height as 
p actical for the number of lracc,s displayed. 

The HOLDOFF control is used for special circumstances 
only. It allows the operator to adjust the mandatory sweep 
retrace lime between the end of one sweep and the start of the 
next (in response to a trigger pulse), lliis prevents the 
It ggeri tig of subsequent sweeps by the wrong trigger pulse in 
a complex wavelorm. During the normal operation, leave the 
tfe HOLDOFF control set at NORM. When viewing 
complex waveforms containing multiple trigger points per 
re petition, rotate the HOLDOFF control clockwise until the 
p'.opcr waveform is secured, as shown in Figure 2^10. For 
e;: ample, the waveform shown contains three pulses in each 
gioup capable of triggering the timebase, but sweep must 
begin only on the fu^t pulse in each burst to obtain the proper 
d- splay. In the lower display, the sweep retrace tinw has been 
e;;tended enough lo make it impos,siblc for the last pulse in 
the second burst to start the next sweep. 

23-4 Probe CompensatioQ and Use 

Tlie LP*060X probes furnished with the LBO-325 can be 
iX l for either low -capacitance operation (lOX attenuation) or 
direct connection (IX attenuation). The selection is made by 
sliding the sw'ilch handle on the probe body (see Figure 2-6a) 
U: the desired attenuation. 

At either attenuation setting you have a choice of spring- 
leaded hook tip or straight tip (see Figure 2-6b). The hook tip 
is for "‘hands off" connections to wiring, components, or 
test points. Pul! back the flange on the hook cover to expose 
the hook to die circuit under observation. 

When IX attenuation is selected, the probe simply operates 
aj a section of a shielded cable. The signal source "senses" 
the I megohm input resistance of the LBO-325 in parallel 
with 30 pF input capacitance and the 2(X) pF or so cable 
capacitance of the probe. Because of this capacitance. IX 
altcnuation is generally used only at low frequencies and/or 
with low- impedance signal sources. Although many condi- 
tions (source impedance, source capacitance, frequency, 
allowable error, etc.) arc factors in attenuation choice, the 
ir ipcdancc and frequency limits beyond which ] X operation 

0 The LP-060X should generally be avoided are I MHz with 
5D-ohni sources, and 50 kHz w'iih 1000-ohm sources. 

When I OX attenuation is selected, the probe fonns a 
aimpensated voltage divider (see Figure 2-6c) that has a 
constant division ratio at all frequencies. iMoreover, the 
signal sources "senses" only a fraction of the cable capaci- 
tance (about 25 pF), so error-causing capacitance loading of 
h gh impedance sources is greatly reduced. Because of this, 
lOX probes arc used for measurements and waveform obser- 
v.ition much more than any other conrx^iing device. Note 
however, that the probes must be properly adjusted or 
"compensated" to achieve the error- reducing benefits of IX 
altcnuation. To do this, proceed as follows: 

1 Connect a probe lo the CH I or XTN connector (9) and the 
CAL connector (I). 

NOTE: For best results, connect the 
probe ground lead to the odicr channel 's 
inpui connector. 



2. Set the channel I VOLTS/DIV sw'iich (I ] ) to 20 mV, and 
the A TIME/DIV switch (20) to .2 mS. 

3. Press the CH 1 V MODE pashbmion (16), and the CH I 
SOURCE pushbutton (28). 

4. With a small screwdriver, adjust die capac i lane c-conec lion 
trimmer (Figure 2-6a) for a correi:tIy-co[Tipcnsated square 
wave (Figure 2-6d). 

5 Press the CH 2 V MODE (16) and CH 2 SOURCE (28) 
pushbuttons, and perfonn Steps 1,2, and 4 for channel 2 
with (he other probe. 

2-3-5 DiiaJ-trace Operation 

Dual-trace operation is ifie majo: operating mode of the 
LBO 325. As wiis (he case with Single-trace Operation, 
you have a choice hen: too; not of channel selection, but of 
how to display the two channels. Tlie LBO-325 is set up for 
dual -trace o|>eralion as follows; 

I . Set the foliow'ing controls as indicated below'. Any 
control not mentioned here or in the following steps can 
be neglected for this procedure. 



PULL X5 MAG .switches (12) 


Pushed in 


VARIABLEcomrols(12) 


Fully CW 


AC/GND/DC switches (13) 


AC 


CH21NVswitch(I7) 


Out 


INIEN control (2) 


APS* 


FOCUS control (3) 


APS* 


POWER switch (7) 


Pushed in 


Time VARIABLE control (22) 


Fully CW 


Horizontal Posilion control (24) 


AI"S* 


PULL X 10 MAG switch (34) 


Pushed in 


HOR DISP .switches (26) 


A pressed 


COUPLING switches (30) 


AC pressed 


SLOPE switch (32) 


+ 


TRIG switch (31) 


Pushed in 


LEVEL control (31) 


0 


HOLDOFF control (33) 


NORM 



* As previously set. Adjustment may occasionally be 
necessary to suit the circumstances. 

2. Press either ALl or CHOP V MODE pushbutton (16). 
Press ALT for relatively high frequency displays (A 
TlME/DlV switch set at .2 mS or faster); press CHOP 
for relatively low-frequency displays (A TIME/DIV 
switch set at .5 mS or slower). If the CHOP pushbutton is 
pressed when fast sweep speeds arc used, the displayed 
traces will appear broken (as in Figure 2-11) w'hcn 
signals arc applied. If the ALT pushbutton is pressed 
when slow sweep speeds arc used, the display will 
flicker excessively. 




Figurr 2-11, CHOP display al swe«p .*p«daj abdve 0.5 mS/dlv 





3- Use Ihc vertical Position controls <14 and 15) to set the 
CiH [ trace about two divisions down from the top 
gjaticule line, and the CH 2 Iraee about two divisions up 
frain the boiloni graticule line. 

4 . C 3nnect the signals to be observ'cd to the CH 1 and CH 2 
IH connectors (9) and (10), and adjust the VOl.TS/DIV 
su'itchcs (II) so The displayed signals aR" totally on 
St reen and clear of each other. 

CAUTION: Do not apply signals 
greater than 400 V (DC + AC peak). 

5. Sot the A TIME/DIV switch so the desired number of 
cycles arc displayed. For some measurements just 2 or 3 
cycles are best; for other measurements 50-100 cycles 
(cpj.x;aring like a solid band) works best. Be certain the 
d splay mode (ALT or CHOP) selected is consistent with 
ll is sweep sj.>ced (as per Step 2). Adjust the LEVEL 
control (31), if necessary, for a stable di. splay. 

6. If both channels aR displaying signals of the same fre- 
q jcncy, trigger from the channel having the sleepest- 
sl^pc wavefonn. If the signals are different but har- 
ironically-reJated frequencies, trigger from the channel 
cunying the lowest frequency. Also, bear in mind that if 
you discoimect the signal to the channel .serving as the 
trigger source, the entire display will free run. 

7. If the signals are different frequencies not h-armonically 
Rlated, pRss the ALT V MODE and ALT SOURCE 
(78) pushbutton.s rcgardlc,ss of the A TIM E/D IV switch 
sotting. 

8. If a signal you wish to observe is so low in amplitude that 
e Rt) the 5 mV position of the VOLTS/D IV switch 
cannot produce sufficient trace height for stable 
triggering, pull the PULL X5 MAG switch (12). This 
p oduccs 2 niV/div sensitivity wl>en the VOLTS/DIV 
S’vitch is set to 10 mV, and 1 inV/div when it is set to 5 
n V. However, the channel bandwidth decreases to 5 
MHz, and slight trace noise appears, when this is done 

9. If the signal you wish to observe is so high in frequency 
that even the .2 ^jlS position of the A TIME/DIV switch 

suits in too many cycles displayed, pull the PULL X 10 
\!AG switch (24). This increases the effective sweep 
S]>eed by a factor of 10, sr> .5 uS becomes 50nS/div, 1 uS 
becomes 100 nS/div, etc. The 20 nS/div sweep speed 
ai:hieveable hy magnification is fast enough to display a 
single cycle of a 5 MHz signal across the face ot the 
CRT. 

10. If The signal you wish to observe i,s either DC or low 
enough in frequency that AC coupling attenuates or dis- 
U ns the signal, set the AC/GND/DC switch (13) to DC. 



C ACTION: If the observed waveform 
is low- level AC, make certain it is not 
riding on a high-amplitude DC voltage. 

2-3 6 Additive and DifTerential Operation 

Additive :md differentia! operation are forms of two- 
chajincl operation where tw'o signals are combined to display 
one trace. In additive operation, the resultant trace represents 
the algebraic sum of the CH 1 and CH 2 signals. In differ- 
ent ill operation, the resultant trace represents the algebraic 
dIfl£reDC« between the CH 1 and CU 2 signals. 



To set up the LBO-325 for additive Cf^cration, proceed as 

follows: 

1 . Set up the dual-trace operation perperagraph 2-3-5, Steps 
1 to 6 and 8 to 10. 

2. Make sure both VOLTS/DIV switches (1 1) iae set to the 
same position; the VARIABLE coniroLs (12) are 
click-stopped in their CAL position. If the signal levels 
are very different, set IxMh VOLTS/DIV switches to the 
position producing a large on-screen display of the high- 
ampIUude signal. 

3. Trigger from the channel having ti c highest-amplitude 
signal 

4. Simultaneously press the CH I and CH 2 V MODE 
pushbuttons. The single trace resulting Is (he algebraic 
sum of the channel I and channel 2 s gnals. Either or both 
of the Vertical Position controls (14) and (15) can be used 
to shift the resultant trace. 

NOTE: If the input signals an; in-phase, 
the amplitude of the rcsultani trace will 
be the arithmetic .sum of the individual 
traces (c.g,, 4.2 div + 1.2 Jiv — 5.4 
div). If the input signals are 18(Tom of 
phasc^ the amplitude of tht resultant 
trace will be the arithmetic difference 
of the two traces (e.g.. 4.2 liv - 1.2 
div = 3.0 div). 

5. If the pcok-io-pcok amplitude of the lesultant trace is very' 
low, turn bolh VOLTS/DIV switches to increase the 
display height. Make sure both VOLTS/DIV controls are 
sot to the same position, or the n sultant display will 
be erroneous. 

To .set up the LBO-325 for differcnliiJ oj.>eratioii, proceed 

as follows: 

1 . Set up for dual-trace operation per pr-ragraph 2-3-5 . Steps 
I to 6 and S to 10. 

2. Ensure that both VOLTS/DIV switches ( 1 1) are set to the 
same position, and the VARIABLE conirols (12) are 
delenied in ibc CAL position. If the signal levels arc very 
different, temporarily set both VOLTS/DIV switches to 
the position needed to produce a large on-.screen display of 
the highest amplitude signal. 

3. Trigger from Ine channel having dc highest amplitude 
signal. 

4. Press the CH 2 INV pushbutton (17) 

5. Simultaneously press the CH 1 and CH 2 V MODE 
pushbuttons. The single trace resultant is the algebraic 
.sum of the channel 1 and channel 2 signals. Either or both 
of the Vertical Position controls (14) and ( 15) can be used 
to shift the resultant trace. 

NOTE: If the input signals an: in-phase, 
the ajnplitude of the rcsultan' trace will 
be tbc arithmetic difference of the 
individual traces (e.g., 4.2 .liv - 1.2 
div =3.0 div) If the input signals arc- 
] out of phase, the amplitude of the 
resultant trace will be the arithmetic 
sum of the two traces (e.g., 4.2 div + 

] ,2 div - 5.4 div). 

6. If the pcak-io-pcak amplitude of the rcsultani trace is very 
low, turn both VOL'rS/DIV sw' indies to increase the 
w'avcform display height. Ensure thit both VOLTS/DIV 
rnnlmls are ,set to the same position. 
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2 3-7 DeJayed-Sweep Operation 

This oscilloscope has two time bases, arranpud so one (the 
A trmcba.se) may provide a delay between a trigger event and 
tl c beginning of sweep by the other (B) limehasc. This 
al lows any selected protion of a w'aveform or pulse train to be 
spread over the entire semen. Delayed sweep can be used 
w ith either single-trace or dual -trace operation. For clarity, 
the accompanying illustration will show a single vertical 
channel. 

nte basic delayed sweep mode of ilic LBO-325 is aJtemate 
s>^eep, which displays both the main (A) and delayed (B) 
ti nehase traces for each vertical channel used. The ne.xt 
pi ocedure shows how' to display only the delayed (B) trace, 
but you must use alternate sweep first to determine exactly 
hich portion of the main (A) sweep will be displayed as the 
■sweep trace. 

Alternate Sweep. To simultaneously display tbe A- and 
B -tirnebasc traces, prtxccd as follows; 

1 Adjust the VOLTS/DI V switeh(cs) <ll) so the trace 
Itcighl(s) does not exceed 4 screen divisions if one vertical 
channel is used, or 2 screen divisions if both vertical 
channc].s arc used. This is simply to ensure that there is 
nxun for all traces later. 

2 For the same reason, position the iracc(s) so there is room 
near each trace currently displayed for an additional trace 
of equal amplitude. You can leave room either above or 
lx;!ow the displayed traces, but it must be the same for 
both traces if both vertical channels arc used. 

3 . M ake sure the TR IG * D pushbutton ( 27 ) is out , the INTHN 
control (2) is turned up for a bright di.splay, and the B 
TIME/DIV sw^iich (21) is set to a faster sweep than is the 
ATIME/DIV switch. 

4. Press the B HOR DISP pushbutton (2b) while holding in 
the A pushbutton (i.e., both the A and B HOR DISP 
pushbuttons must be locked in the recessed position). 



5. Use the TRACE SEP control (25) to move the delayed (B) 
irace(s) to the vacant area(s) abm c or below the main (A) 
tirnebasc [raee(s). 

6. The section of the main (A) timet asc tracc(s) correspond- 
ing to the B sweep lime W'ill be br .ghier than (he rest of (he 
main tirnebasc irace(s), as shown in Figure 2-12. Adjust 
the INTEN control if ncces,sary for a proper display, 

NOTE: The main (A ) trac c(s) will look 
like a partial trace if :>righlness is 
insufficient. If the brightness is ex- 
cessive, the B-inieusificd portion of the 
A Irace(s) will be indistinguishable 
from the rest of the A Lrace(s). Further- 
more, tile intensified poninn of the A 
traec(s) will be quite small if there is a 
large difference between the settings of 
the A and B TIME/OiV switches. 

7. Turn the B TIME/DIV sw'iteh (21) until the intensified 
pr>rtion of the trace widens to an amount equal to the 
portion of ilie trace you wish to magnify. 

S. Turn tile Dl.Y TIME MULT coiilrol (23) to position the 
intensification over the portion ol the A timeba.se tmce(.s) 
you wish to magnify. 

B Sweep OnJy. After you have sci the DLY TIME MULT 
control and B TIME/DIV switch according to the Alternate 
Sweep procedure, you can reduce screen clutter by 
eliminaling the main (A) limebasi: irace(s) To do thi.s, 
simply i)rcss the B HOR DISP pushbutton again, The A 
pushbutton will pr>p out and the A. tirnebasc Irace(s) will 
disappear. Tliis allows you to increise the screen height of 
the B tirnebasc tracc(s). 

NOTE: The B timebase irace(s) will 
move to the portion of thi? CRT screen 
formerly occupied by the A iracc(s). 



A sweep 
instensified 
by B swoop 




MAIN (A) 
SWEEP 
50 uS/div 



DELAYED 
(B) SWEEP 
5 uS/div 



16 





Triggered B Sweep. In b?*sic delayed sweep, the B 
limebase is no( triggered by a signal event; ii begins when the 
main sweep (A liiiicbase) ends. This is readily seen in the 
alternate sweep mode. The only problem with this is that 
mam timebase jitter becomes apparent in the B sweep when 
at high ratios of A to B TIME/DI V switch sellings ( 100: 1 and 
up). To circumvent this, the B sweep can be triggered by the 
signal ilscif or a time-related trigger signal. The DLY TIME 
MULT control then detemhnes the minimura delay time 
between A and B sweeps; the acluaJ delay time will be that 
plus the additional time until the next available trigger. The 
result is that actual delay lime is variable only with step 
resolution, in incremenLs of the inten-ai between triggers. 

The. B timebase is triggcncil imemally. u.sing the same 
trigger-signal supplied to the A timebase. Tor triggered B 
sweep, proceed as follows: 

] . Set up the scope for basic delayed sweep as described in 
the preceding paragraphs. 

2. Press in the TRIG’D pushbutton (27). The B timeba.se is 
now' triggering on a signal related in lime to the A linie- 
base trigger, 'fhe start of the B sweep w ill always be a 
leading or trailing edge of the trigger signal, mming the 
DLY TIME MULT eoniiol will not change thi.s. 

NOTE; If TV V tngger coupling is 
selected for the main (A) limeba.se, the 
delayed (B) limebase will be triggered 
by the TV H output of the sync separator. 

This facilitates inspection of complex 
signals containing composite sync, such 
as VITS, VIRS. and various coding 
signals found in the vertical inlcr%'aj. 

2-3-8 X-V Operation 

The internal timcbascs of the LBO-325 arc not utilized in 
X- Y operation; deflection in both the vertical and horizontal 
directions is via external signals. One of the vertical input 
channels serves as the X-axis (horizontal) signal proces.sor, 
so horizonlaJ and vertical axes have identical contiol facilities. 

All of the V MODE, HOR DISP, trigger SOURCE, 
trigger COUPLING, and Irigger mode switches, as well as 
ihcir associated controls and connectors, are inoperative in 
the X-Y mode. 

To set up the LBO-325 for X-Y oi:>eration. proceed as 
follows: 

1. Turn ihc A TIME/DIV switch (20) fully counter-clock- 
wise to the X-Y position. 

CAUTION: Reduce the trace inten- 
sity'. to reduce the risk of undcflectcd 
spot damage to the CRT phosphor. 

2. Apply the vertical signal to the CH 2 or Y IN connector 
(JO), and the horizontal signal to the CH I or X IN 
connector (9). Once ihc spot is deflected, restore normal 
brightness. 

3. Adjust the trace height with the CH 2 VOLTS/DIV switch 
(11), and the trace widtli with the CH I VOLTS/DIV 
switch, llie VARIABLE controls (12) and PULL X5 
MAG switches (12) for both channels can be used if 
needed. 

NOTE: Further horizonlaJ (X-axis) 
magnification is available from the 
PULL XJO MAG switch (24), but is 
unlikely to be needed. 

4. Adjust the trace position vertically (Y-ax.i,s) w-itli ihcCH 2 
Vertical or Y Position conLroi (15). Adjust the trace 



position horizontally (X-atis) with the HorizonlaJ 
Position control (24); the CL I Vertical Position control 
has no effect during X-Y ope *alion. 

5. The vertical (Y-axis) signal can be inverted via the CH 2 
INV pushbutton (17). 

2-3-9 Intensity Modulation 

Intensity modulation, also kne wn as Z-axis modulation, is 
an operational mode wherein an external signal coniroI.s the 
brighlnes-s of the CRT trace. ( .s main applications are in 
video display and lime or frequency marking. When so used, 
ii is often in conjunction with >[-Y operation (described in 
paragraph 2-3-8). 

'lb intensity modulate the CRT. simply connect the 
modulating signal to the Z AXIS IN connector (19) on the 
back panel. The necessary modulating signal amplitude for 
miniinumyinaximuni trace brighuie.ss is dependent upon the 
front panel intensity control. At nomial brightness levels, a 
TTL signal will be sufficient. 

CAUTION; Do not apply a signal 
greater than 50V (DC -1- AC peak). 




Figure 2-13. Pcak-fQ-pcak voltage measuremcni 




Figure 2-14. tiislantarieoui: voltage measurement 
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2-4 MEASUREMENT APPLICATIONS 

This conuiins instructions for using ihc LBO-325 lor 
specific measurement procedures, However, this is but a 
smaJ] sampling of the many applications possible for this 
oscilloscope. These particular applications were selected to 
demonstrate certain controls and features not fully covered 

in bask: operating procedures, to clarify ccr^ 

tain operations by example, or for their iiiiponanec and 
universality. 

2-4-1 Amplitude Measurement 

The modem triggered- sweep oscilloscope has two major 
measurement functions. The first of these is amplitude. The 
oscilloscope has an advantage over most other fonns of 
amplitude measurement in that complex as well as simple 
waveforms can be totally characterized (ie., complete 
voltage infonnation is avaiiahie). 

Oscilloscope voltage measurements generally fall into one 
of two types: pcak-to-peak or instantaneous. Peak-to-peak 
(p-p) measurement simply notes the total amplitude between 
extremes without regard to p<5larity reference. Instantaneous 
voltage measurement indicates the exact voltage measure' 
meni from each and every point on the waveform to a ground 
reference. When making cither type of measurement, ensure 
(hat the VARIABLE controls (12) are detented fully clock- 
wise in the CAI. position. 

Peak-lo-Peak VolUiges. To measure pcjik-io-pcak voltage, 
proceed as follows. 

1 . Set up the LBO-325 for vertical mode desired per d>e 
insmictions in 2-3 BASIC OPERATING PROCEDURES. 

2. Adjust the TIME/'DIV switch (20) or (21) to display two 
or three cycle.s of wavefonn, and set the VOLTS/DIV 
switch (II) for the largest -possible totally-on-scre^.’n 
display. 

3. Use the appropnate Vertical Position control ( 14) or ( 1 5) 
to position the negative .signal pvak.s on the nearest 
horizontal graticule line beJow' the signal peaks, per 
Figure 2-13. 

4. Use the Horizontal Position control (24) to position one of 
the positive peaks on the central vertical graticule line. 
This line has additional calibration marks equal to 0.2 
major division each. 

5. Count the number of division.s from the graticule line 
touching the negative signal peaks to the intersection of 
the ^Kisilive signal with the central vertical graticule line. 
Multiply this number by the VOLTS/DIV switch setting 
to obtain the peak-to-peak voltage of the wavefonn. For 
example, if the VOLTS/DIV switch were set to 2V, the 
waveform shown in Figure 2-13 would be 11. 2 V p-p 
(5.6 div X 2V). 

6. If X5 vertical magnification is used, divide the Step 5 
voltage by 5 to obtain the correct p-p voltage. However if 
lOX attenuator probc.s are used, multiply the VOLTS/ 
DIV by 10 to obtain this correct p-p voltage. 

7. If measuring a sine w ave below' 100 Hz, or a rectangular 
wave below 1000 Hz, set the AC/G ND/DC switch (13) 
to DC. 

CAUTION: Ensure that the wavefonn 
is not imposed on a higher-rimpliiudc 
DC voltage. 



Instantaneous Voltages, To measure instantaneous 
voltage, proceed iJS follows. 

1 . Set up the LBO-325 for the vertical mode desired per the 
insmictions in ;!-3 BASIC OPERATING PROCEDURES. 

2. Adjust the applicable TIM E/DI V switch (20) or (21) for 
one complete cycle of waveform and set the VOLTS/DIV 
switch (1 1) foj a trace amplitude of 4 to 6 divisions (see 
Figure 2-14). 

3. Set the AC/GND/DC switch (13) toGND. 

4. Use the appropriate Vertical Position control (14) or 
(15) to set the vaseline on the central horizontal graticule 
line. However, if you know the signal voltage is wholly 
positive, use the boltonimo.st graticule line. If you know 
the signal voltage to be negative, use the uppermost 
gralieule line. 

NOTE: The Vertical Position controls 
must rot be touched again until the 
measurement is completed. 

5. Set the AC/GND/DC sw-iich to DC. The polarity of all 
points above ihe ground reference line is |>ositive; all 
points below ti e ground-reference line are negative. 

CAUTION: Ensure that the waveform 
is not imposed on a high-atiipiitude 
DC V ullage before changing the 
AC/GMD/DC switch setting. 

6. Use the Horizionlal Position control (24) to position any 
point of interert on the central vertical graticule line. This 
line has additional calibration marks equal to 0.2 major 
division each. The voltage relative to ground at any point 
selected is equal to the nuniLwr of divisions from that point 
to the ground -reference line multiplied by the VOLTS/ 
DIV setting. In the example u,sed for Figure 2-14, the 
voltage foraO 5V/div scale is 2.5 V (5.0 div x ,5V) 

7. If X5 vertical magnification is used, divide the Step 6 
voltage by 5. However, if lOX attenuator probes arc used, 
multiply the voltage by 10. 

2-4-2 DifTereiUial Measurement Techniques 

Differential rncLLsuremeni techniques allow direct meas- 
urement of the voltage drop across “floating" components 
(both ends above ground), and rnca,surcmcnt of very small 
signals in eiecirieaMy- noisy environments (such as exists 
nearhigh-pow'cr machinery). 

The control set irig for different operations were explained 
in paragraph 2-3^^ Additive and DifTerential Operation. 
The Icchniquc for making the physical connections an; shown 
in Figure 2-15. F gurc 2 - 15a shows the .simple technique for 
measuring high-level signals on floating signals. In this 
example, the AC voltage drop (ripple) across a power choke 
is observed and :iiea,sLired. The ground icnninals from the 
two probes or caliles arc simply connected to the chas,sis or 
ground bus of the circuit under observation. Figure 2-1 5b 
shows the connection technique needed for !ow-levcl signals 
in a noisy cnviromiicnt (slrong AC Helds). Using a separate 
ground comieclicn and not connecting the probe shields to 
the circuit under te.st avoids ground loops and EMI pickup. 

2-4-3 Time Interval Measurements 

The second major measurement function of the iriggcred- 
sweep oscil Iosco >c is the measurement of time interval. This 
is possible because of the calibrated tiniebasc results in each 
division of the CRT screen representing a known time 
interval. 
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b. LOW-LEVEL TECHNIQUE 



Figure 2-15. Connection techniques for differential measure menu 



Basic Technique. The basic technique for measuring lime 
in:crval is described in the following steps. This .same 
tc:hniquc applies to die more specific procedures and 
variations that follow'. 

1. Set up the LBO-325 as described in 2-3-2 Single-trace 
Operation. 

2. Set the A TIME/DIV switch (20j .so the interval you w-ish 
to measure is totally on screen and as large as possible, 
Ensure that the Time VARIABLE eontrol (22) isdeieiued 
fully clockwise in the CAL position. If not, any time 
interval measurements made under this condition will be 
inaccurate, 

3. Use the Vertical Position control ( 14) or (15) to position 
the trace so the central horizontal graticule line passes 
through the points on the waveform between which you 
want to make the nieasuremem. 

4- Use the Horizontal Position control (24) to set the left- 
most measurement point on a nearby vertical graticule 
line. 

5. Count the number of horizontal graticule divisions be- 
tween the Step 4 graticule line and the second measure- 
ment point. Measure to a tenth of a major division. Note 
that each minor division on the central horizontal graticule 
line is 0,2 major division. 

6 To determine the time interval between the two measure- 
jTient points, multiply the number of horizontal divisions 
counted in Step 5 by the selling of the A TIME/DIV 
switch . If the PU LL X 10 M AG sw itch ( 24 ) is pulled ( X 1 0 
magnification), be certain to divide rhe T1 ME/DW switch 
setting by 10. 



Period, Pulse Width, and .3uty Cycle. The basic 
technique described in the preceding paragraph can be 
used to detcniirnc pulse paiameieis such as pciioU, pulse 
width, duty cycle, etc. 

The period of a pulse or any oMcr waveform is ihc lime 
it takes for one full cycle of ihc signal. In Figure 2-16. the 
distance between points (A) and (C) represent one cycle; 
the time interval of this distance is the period. The time 
scale for the CRT display of Figirc 2-16 is 10 mS/div, so 
the period is 70 milliseconds in this example. 

Pulse width Ls the distance between points (A) and (B), 
In our example it is conveniently 1.5 divisions, so the 
pulse width is 15 milliseconds. However, 1 ,5 divisions is 
a rather small distance for accurate measurements, so it is 
adviscablc to use a faster sweep for this particular 
measurement. Increasing the sw'ccp speed to 2 mS/div as 
in Figure 2- 1 6b presents a large display, allowing more 
accurate measurement. An alternative technique useful 
for pulses Ic.S5 than a division wide is to the pull the PULL 
XIO MAG switch (24) for X 10 magni Heat ion, and 
reixjsilion the pulse on screen wit i the Horizontal Position 
control (24). Pulse width is also called on lime in some 
applications. The distance bctw'cen points (B) and (C) is 
then called off time. This can b.; measured in the same 
manner as pulse width. 

When pulse width and period tiin-; are known, duty cycle 
can be calculated. Duty cycle is the ?erccmagc of the period 
(or total of on and off times) rcpre.« nted by the pulse width 
(on time). 
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PW(IOO) A--B(KK)) 
Duty cycle (%)= — ^ -a->c ' 



, r , J5mSX[00. 214% 

Duly cycle of example = ~ ' 

jead and Lag Time. When two isignals have [he same 
i’re:)ucnc>\ hut not the s;unc phase, one signal is said to be 
leading, and (he oihcr lagging. To measure (his Ic ad/lag 
time, proceed as follows: 

1 . Set up (he LBO-325 as described in 2-3-5 Dual-trace 
Operation, connecting one signal to the CH- 1 IN connec- 
tor (9) and the other to the CH-2 IN connector (10) 

NOTE: At high frequencies use identi- 
cal ar)d correct ly-conq>ensated probes, 
or ecjual lengths of (he same type of 
coaxial cable to casuie equal delay times . 

2 Sc( the trigger SOURCE switch (28) for the chaonel with 
the leading signal (CH' I in the Eigurc 2-17 example). 

3 U.se the A TIME/DIV .switch (20) to display the time 
difference as large as possible (Figure 2- 17b). 

4. Use (he CH- 1 Vertical Position control (14) to po.>ition ilie 
bottom of (he channel I trace slightly below the central 
horizontal graticule line, and the CH-2 Vertical Position 
control (15) to position ihc top of the channel 2 trace 
slightly above the line. 

5 U.se the Horizontal Position control (24) to align the left- 
most trace edge (of channel I in this c^lse) willi a nearby 
venical graticule line. The horizontal distance between 
this line and the point at which the leading edge of the 
other trace cros-ses the central horizontal graticule line 
represents the time difference between the two signals. 




t> 3«/DlVtS»ON 



Figure 2-16, Time Interval Measurements 



The channel 1 signal maybe said to be leading the channel 
2 trace, or the channel 2 trace may be said to be lagging the 
channel I trace. 

6. Ensure that (heTitne VARIABLE contnd (22) isdeienled 
fully clockw'ise in its CAL position. Tlicn, count the 
number of horizontal divisions between the leading edges 
of the traces and multiply this number by the setting of (he 
A 71 ME/DI V switch to detennine the difference. For 
example, the lime difference in Figure 2- 17b is 10 micro- 
seconds (5.0 div X 2juS). 

II (he prjints bctw'cen which tie time difference exists 
aR‘ les.s than 1 major division i part and located in the 
middle of complex wavefomris that are otherwise in phase, 
use thi; delayed (B) timebase as described in 2-3-7 Delayed 
Timebase Operation to select and expand that section of 
the complex wavefonn. After do ng diat, follow the same 
technique as described in the pre:eding paragraph. As an 
allemaiive, pull the PULL XIO MAG switch (24) to 
e.xpand (he traces, and rep^jsilion the section with the same 
difference on screen with (lie Hor.zontai Posit ion control. 

If (he points betw^een which the time difference exists 
are more than 1 but less than 5 major divisions apart, the 
High Accumey Technique dcsc: iU^d next w'ill yield the 
grcaie.st accuracy. 

Hij»h Accuracy Technique, Closely spaced polms w'ithin 
a complex svavefonn can be measured u.sing the DLY TIME 
MUL'F control. 7'hc linearity error of this control is only a 
fraction of a percent, far less than the error possible over a 
small portion of the timebase sw'cep. 

'I'hc delay-time technique can be used with single-trace 
time measurements (pulse width, fcriod, etc.) or dual-trace 
measurements (lead and lag time). Fhc technique, after the 
trace or traces are set up according to the desired procedure, 
is as follows: 




Figure 2~1 7. Measuring lead and lag time 
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2-4-4 Phase Diffe rente Measun?ments 




Picture 2-13. Dual-trace method of phase rneasuremerit 
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Fu;ure 2-19, Lissajou>> method of pha.se measurement 



1 Set the B TIME/DIV switch (21) to a position 50 to 100 
limes (5 to 6 positions) faster than the A TIME/DIV 
switch setting. 

2 Press both the A and B HOR DISF pushbuttons (26), then 
position the intensified area over the first measurement 
point by means of the DLY TIME MU LI' control (23). 

3 Press the B HOR DISP pushbutton and carefully adjust the 
DLY TIME MULT control to position the first incasuie- 
inent p<iini exactly over the central vertical graticule line. 
Record the DLY TIME MULT dial reading. 

4. Rotate the DLY TIME MULT comrol to position the 
second measurement point over the central vertical 
graticule line. Record the DLY TIME MULT dial reading. 

5. Subtract the Step 3 reading from the Step 4 reading. For 
example, if the DLY TIME MULT control setting was 
4.86 in Step 3, and 7.38 in Step 4, the difference is 2 ?i2. 

f . Multiply the Step 5 number by the A FIME/DIV switch 
setting to find the time difference . 



Pha.se difference or phase angle between two signals can 
be inea.sured using the dual trace fccture of the oscilloscope 
or by operating the oscilloscojx; in the X-Y mode. When 
mea.suring phase shift or signaLproces-sing devices, the test 
setup shown in Figure 2-21 can be u.^ed. 

Dual-trace Method. 17ii.s methcKl works w ith any type of 
waveform (sine, triangle, recUmguLr, complex pulse, etc ). 
In fact, it W'ill usually work even if different wavefonns are 
being comp;ired. This method and in variations arc effective 
in measuring small or large differences in phase, at any 
frequency up to 60 MHz. 

To measure pha.se difference by the dual -trace method, 
proceed as fol low's; 

1 . Set up I he LBO-325 as described in 2-3-5 Dual-trace 
Operation, connecting one signal to the CH 1 or X IN 
connector (9) and the other to the CH 2 or Y IN connector 
( 10 ), 

NOTE: At high frequcncio.s use identi- 
cal ajid eorreclly-comp>er sated probes, 
or equal lengths of the same type of 
coaxiid cable to ensure equal delay 
times, or erroneous time measurements 
will result. 

2. Set the trigger SOURCE switch (28) to the channel with 
the least noise and most stable t ace. Temporarily move 
Ihe other channel's trace off the screen hy means of ics 
Vertical Position conm:>l 

3. Center the stable (trigger source) trace with its Vertical 
Position control, and adjust its amplitude to exactly 6 
vcnical division by means of its V'OLTS/DIV switch ( I J ) 
and VARIABLE control (12). 

4 . Use the LEVEL control (3 1 ) to ersure the trace crosses the 
central horizontal line at or near the beginning of the 
sw eep. (See Figure 2-18.) 

5. Use the A TIME/DIV switch (2t'). die Time VARIABLE 
contnal (22), and I he Horizontal Position control (24) to 
display one cyclcof trace over 7.2 divisions. When this is 
done, each major horizontal div sion represents 50^. and 
caeh minor division repiesems I' l\ 

6. Move the off-screen trace back or the CRT w ith its Vertical 
Position Control, prcci.scly centering it vertically. Use the 
associated VOLTS/DIV switch and VARIABLE control 
to adjust its amplitude to exactly 6 vertical divisions. 

7. 'Ihe horizontal distance between corresponding points on 
the wavefonn is the pha.se difference. For example, in the 
Figure 2-18 illustration the phase difference is 6 minor 
divisions, or 60°. Use the Horizcntal Posit ion control (24) 
to align one of the mid -cycle zero crossings with a 
graticule calibration to facilitate this measurement. 

8. If the phase difference is less than (one major divi- 
sion), pull the PULL XlO MAC! switch (24) and use the 
Horizontal Position control (24) ;if needed) to position the 
measurement area back on scrcim. With lOX inagnifica- 
lion. each major horizontal divi* ion is 5"', and each minor 
division is L. 

Lissigoas Pattern Method, Thi‘ method is used prinutrily 
with sine w'avcs. Mca.su re rnents are possible at frequencies 
up to I MHz, the bandwidth of the horizontal amplifier. 

To measure phase difference by the Lissajous pattern 
method, proceed as follows: 

1. Turn the A TIME/DIV switch (20) fnlly counterclock- 
wise to the X-Y position. 

CAUTION: Reduce the trace intensity, 
to reduce the risk of unde fleeted spot 
damage to the CRT phosphor. 
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2-4-5 Distortion Comparison 
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The dual-iracc teaiurc of ihe LBO-325 offers a quick 
mclhtxJ ofcbccking for distortion caused by a signal-process- 
ing device (such as an amplifier,'. To do this, proceed as 
follows: 

1. Connect the output of a signa generator (of frequency 
.suitable to the device under test) to the CH I or X IN 
connector (9) and the input of the Device Under Test 
(DUT). 

2. Connect the CH 2 or Y IN connector ( 10) to the output of 
the device or its load (see Figiir* 2-21), 

3. Increase the signal to the DUT until the channel 2 trace or 
on R.MS AC voltmeter indicate.; the desired output level. 

4. If the DUT has reversed the phase, press die CH 2 INV 
pu.shbutton (17), 

5- Superimpose the two traces vdlh the Vertical Position 
controls (14) and (15), and us: the VARIABLE control 
(12) of the h^hest amplitude trace to achieve the best 
trace match. 

6. Any uniromi horizontal displacement of the trace is 
simply phase difference (desciibcd in paragraph 2-4A). 
Any other differences in shape indicate distortion caused 
by the DUT, such as slew rate or frequency distortion, 
ringing, etc. 



Figure 2-20. Phase tn^le nomograph 



2. Make certain the CH 2 INV switch (17) is out. This will 
introduce a ISCT error if pushed in. 

3. Connect one signal to the CH I or X IN connector (9), 
and the other signal to the CH 2 or Y IN connector (10). 

4. Center the trace vertically with the CH 2 Vertical Position 
control (15), and adjust the CH 2 VOITS/DIV switch 
(II) and VARIABLE control (12) for a trace height of 
exactly 6 divisions. 

5. Adjust ihcCH 1 VOLTS/DIV control (11) for the largest 
possible on-screen display. 

6. Precisely center the trace horizontally with the 
Horizontal Position control (24). 

7. Count the number of divisions subtended by the trace 
along the central vertical graticule line (dimension B). 
You can now shift the trace vertically w ith ihc CH 2 or Y 
Position control to a major division line for easier counting. 

8. The phase difference (angle 0) between the two .signals Ls 
equal to the arc sine of dimension B A (the Step 7 
number divided by 6). Ft>r example, the Step 7 value of 
the Figure 2- 1 9a pattern is 2.0. Dividing this by 6 yields 
.3334, whose arc sine is 19,5 degrees. 

9 . The s i mplc formu la in Figure 2- 1 9a work.s for angles less 
than 90°. For angles over 90° (leftward till), add 90° to 
the angle found in Step 7. Figure 2- 19b shows the 
Lissajous patterns of various phase angles; use this as a 
guide in determining whether or not to add the additional 
90° 

10. The sinc-to-angle conversion can be accomplished by 
using trig tables or a trig calculator However, if the sine 
is between 0. 1 and 1 .0, you can use the Figure 2-20 
monograph so the edge fiasscs through the cross mark 
and the number of divisions measured in Step 7 (B 
dinjcn.'^ion). When this is doi>e ihc edge will also inter- 
sect the phase-angle column. 



2-4-6 Frequency Measuremeitt 

When a precise determination of frequency is needed, a 
frequency counter is obviously the first choice. A counter 
can be connected to the CH 1 OUTPUT connector (18) for 
convenience when both scope and counter are used. How- 
ever, an oscilloscope alone can be u.scd to measure frequency 
when a counter Ls not available, o: modulation and/or noise 
makes a counter unuseahic. 

Frequency is the reciprocal of period. Simply measure the 
period "i’' of the unknown signal *:s instructed in 2-4-3 Time 
Inverval Measurements, and caculate the frequency ‘T' 
using the fonuula f — I/i. Ifa calculator is available, simply 
enter the period and press the 1/x 3cy. Period iu seconds (S) 
yields frequency in Hertz (Hz); pt riod in milliseconds (inS) 
yields frequency in kilohertz (kH;:); period in microseconds 
(uS) yields frequency in megahertz (MHz). The accuracy of 
this technique is limited by the limebase calibration accuracy 
(see Tabic of Specifications). 

2-4-7 Risetime Measurement 

Ri.sctime is the time required for the leading edge of a pulse 
to rise from 10% to 90% of the total pulse amplitude. Fall- 
lime is the lime required for the trailing edge of a pulse to 
drop from 90% of total pulse ampl iiudc to 10%. Risetime and 
faJkime, which may be collcclivjly called transition time, 
are measured in essentially the same manner. 

To measure rise and fall time, proceed as follows: 

1 . Connect the pulse to be measured to the CH I or X IN 
connector (9), and set the A(7GND/DC switch (13) to 
AC. 

2. Adjust the A TIME/DIV switch (20) to display about 2 
cycles of the pulse. Make certain the Time VARIABLE 
control (22) is dcicntcd fully clockwise in ihc CaL 
position. 

3. Center the pulse vertically with the channel 1 Vertical 
Position control (14). 

4. Adjust the CH I VOLTS/DIV switch (I)) to set the 
positive pulse peak exceed Ihe 100% graticule line, and 
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Figure 2-21. Te.st ;se(up for disfortion compaiLson and phase measurement 



the iiegative pulse peak exceed the 0% line, then rotate 
the VARIABLE control (12) counterclockwise until the 
positive and negative pulse peaks rest exactly on the 
100% and 0%) graticule lines. (See Figure 2 -22a.) 

5. Use the Horizontal Position (24) controls to shift the 
trace so the leading edge passes through the intersection 
of the I0%? and conirai vertical graticule lines. 

6. If the riscliiiic is slow compared to the period, no further 
control manipulations are necessary. If the risetime is 
fast (leading edge almost vertical), pull the PULL XIO 
MAG switch (24) for lOX magnification and reposition 
the trace as in Step 5. (Sec Figure 2-22b.) 

7. Count the number of horizontal divisions between the 
central vertical line (10% point) rrnd the intersection of 
the trace with the 90% line. 

8 . Multiply the number of divisions counted in Step 7 by the 

selling of the A TIME/DIV switch to find the measured 
risetime. If lOX magnification was used, divide the 
TIME/DIV setting by 10. Forexaniplc. if the A timebase 
.setting in Figure 2-22b was . I ptS (100 nS), the nsetime 
would be 36 nanoseconds ( 100 nS 10 10 nS; lOnSx 

3.6 div = 36nS). 

9. To measure falltimc, simply shift the trace horizontally 
until a trailing edge passes through the 10%' and central 
vertical graticule lines, and repeat Steps 7 and 8. 

10- The rise and fall times measured thus far include the 5.8 
nS transition time of the LBO-325. and approximately 
8.3 nS transition time of the scope/probe combination. 
These errors arc negligible if the measured ri.se and fall 
limes are 25 nS or longer. For shorter transition times, 
correct the measured rise and fall times using one of the 
following formulas: 



SCOPE ONLY SCOPE & PROBE 




- corrected transition time tj^^nieasmed transition time 

Continuing with our ex ample, the 36 nS riser i me measured in 
Stjp 8 represents an actual risetime of 35.0 nS for the pulse 
w len corrected for scope and probe risetime as follows: 

I, = - 68 \/ 1228 = ?5.0nS 

7 Its is less than a 3% error, so the correction was really not 
n<:cc.ssary. However, if the measured transition lime were 
well below our 25 nS bcnchm:irk, say 14 nS. the resulting 
ti nc difference (error) would be substantial (24% in the 
f( blowing example). 

1,. = \/ 142 _ 68 = V7^= 11.3 n.S 





Figure 2-22. Risetime meiisuiement 



2-4-8 — 3dB Bandwidth Measun^ment 

Bandwidth mcasurcincnt usually involves finding the -3 
dB response point in the frequency-response curve or a 
circuit or device. This can easily be determined without the 
need for calculations or dB conversions by using the 
follow-ing ’'trick": 

1 . Connect the output of aconstunt-ainplilude signal genera- 
tor (of appropriate frequency range) to the input of the 
device under lest (DUT^. Connect the output of the DUT 
to the CH 1 IN connector (9). 

2. Set the generator to a frequency well within the passband 
of the DUT, then adjust the gcrcraior output level to 
produce the desired DUT output level. 

3. Set the CH I VOLTS/DIV coniiol (11) to the highest 
setting that produces over 7 dlvIsloiLs trace height. 

4. Use the CH I VARIABLE VOLTS/DIV control (12) and 
CH I Vertical Position control (14) to make the trace 
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height exactly 7 divisions, and touching (he second 
highest and bottom-most graticule lines, 

5. Increase the generator frequency until the trace lieight 
decreases to exactly 5 divisions. This i.s the upper -3 dB 
response point. The frequency can be dele rmined from the 
signal-generator dial, or with a frequency counter con- 
nected to the CH 1 OUTPUT connector (18). 

6. Restore the generator to its Step 2 frequency, then 
decrease the generator frequency until the trace hciglil 
decreases to exactly 5 divisions. This is the lower -3 dB 
response point. 

2 - 4-9 HF Current Measurement 

The normal method for measuring current with an oscillo- 
scope is to pass the current through a resistor, and measure the 
voltage drop across the resistor. This technique is applicable 
to both AC and DC currents. However, an additional tech- 
nique is possible with high-frequency AC. Instead of inserting 
a resistor, a w ire or component lead carry' ing the AC current, 
is passed through a current transformer. This has the 
advantage of measuring the AC signal component without 
upsetting the DC circuit conditions. 

High-pcrfonnancc current transfonners arc commercially 
available. For non-critical applications you can build your 
ow'n . Construction details are given in Figure 2-23a for a unit 
that provides a IV/ 1 A current <on version ratio into a 50-ohm 
termination over a 3 kHz to 30 MHz frequency range. This 
device is flat within ±0,2 dB from 19 kHz - 7 MHz, so will 
provide fairly good accuracy at the TV line frequeney. 



To u.se the Iranstormer, connec i the coax to the CH I or X 
IN connector (9) via a 50-ol m feed-thru termination. 
Unsolder one end of the wire or component lead carrying the 
current you wish to measure, and j)as.s it through [Ijc insulating 
sleeve in the currem transformer. Ihen rc.soider die lead and 
energize the circuit. 

2-4- iO Percentage Moduiat>)n Measurements 

Tile wide vertical -amplifier bandwidth of the LBO-325 
allows amplitude nKxlulatton measurernems on RF carriers 
as high as 60 MHz. Either the trapezoidal (Figuie 2-24a) or 
envelope (Figure 2-24 b) display technique can be used; the 
t'ol towing procedure give.s a setup that allow-s either to be 
selected at the flick of a switch. To measure the percentage 
amplitude modulation of a signal generator or iran.s miller, 
proceed as follows: 

1 . Connect a sample of the modi laied signal to the CH 2 or Y 
IN connector (10). Connect i. sample of the audio modu- 
lating signal to the CH I or X IN connector (9). 

2 . Press the AL'f or CHOP V MODE pushbutton (16), the 
CH 1 SOURCE pushbutton (28), and the AC COUPLING 
pu.shbuiton (30). 

3. Adjust the VOLTS/DIV switches (1 1) for trace heights of 
3 to 4 screen divisions, and center the channel 2 trace w'iih 
the CH 2 or Y Position control (15). 

4. Set the A TIME/DIV switdi (20) to a setting that will 
display about 2 cycles of the modulating signal. For the 
400 Hz sine wave commonly jsed in signal generators and 
for lran,smiitcr testing, the suggested limcba.se setting is 



FERRONICS 1 1-122-B CORE inSUUKTING TUBING 





b. MEASUREMENT SETUP 

Figure 2-23, HF currenl transformer 
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.5 niS/div. Adjust the LEVEL control (3 i ) if necessary for 
a stable display. 

5. The scope now shows the envelope display and the 
modulating (audio) signal. To display the trapezoidal 
pattern, rotate the A TIME/DIV switch fully CCW to its 
X-Y position. 

6. The percentage modulation is calculated by measuring the 
A and B dimensions (see Figures 2-2da and 2-24b) of the 



displayed wavefonns against the Y-axis, and using the 
measured values in the following fonnula; 

Percent modulation = ^ X 100 
A + B 

7, Ovcnnodulalion (modulation ejtcecding cannot be 

readily calculated, but is easily noticed. (See Figure 
2-24e.) 




a. trapezoidal DISPLAY 



b. ENVELOPE DISPLAY 





c. OVERMODULATION 



Figure 2-24. Amplitude moduLation dtspluys 
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3. PARTS LIST 



T-3553 

POWER SUPPLY 



S>Tnbol 

'No. 


Dc^riplion 








Symbol 

No, 


r>escrlpl>on 






REsrjrroRS 






Cl 1 


FJectrolyJic 


2200piF 


25V 


Rl 


Carboh 


27K11 


5% 


1/6W 




C12 


Electrolytic 


22ixvr 


25V 


R2 


Metal Ghizc 


33 KG 


5% 


IW 




Cl 3 


Electrolytic 


lO^iF 


25 V 


R} 


C'jrbon 


6 nil 


5% 


I/6W 




C14 


Electrolytic 


lO^F 


25V 


R4 


Metal GIj7c Chip 


lOKH 




]/l6W 




CI5 


Electrolytic 


4 7^F 


25V 


R5 


Metal Glo/c Chip 


9 IKH 


1% 


I/HW 




CI6 


Electrolytic 


4 ?^F 


25 V 


Rb 


Mc.ial GUujc 


1 Ot)Kn 


1% 


I/6W 




CI7 


Electrolytic 


7 2// I 


5UV 


R> 


Metal Gla/c Chip 


330K.U 


5% 


I/I6W 




CIS 


Eleclrotyiic 


100^/F 


16V 


R8 


Metal Gla/e Chip 


8.2KU 


1% 


l/HW 




CI9 


Electrolytic 


lOOpiF 


16V 


R9 


Metal GloTf Chip 


H.2KU 


5» 


I/I6W 




C2fl 


Not Used 






RIO 


Mcliil Glaze Chip 


K2Kn 


5% 


1/16W 




C2I 


Electrolytic 


2,2)/F 


250V 


R] 1 


Metal Glaze Chip 


22KH 


5% 


I/16W 




C22 


E'lcclrolytic 


lO^F 


200V 


R12 


Carbon 


in 


5% 


I/2W 




C23 


EIcctroljtic 


KXIkP 


25 V 


R\3 


Metai Glaze Chip 


22011 


5% 


U16W 




C24 


Ceramic 


O.Oi^iP 


50V 


R14 


Metal Glaze Giip 


2200 


5% 


I/I6W 




C25 


Mica 


lOOpF 


50V 


RI5 


Metal Glaze Chip 


5<>on 


5% 


UI6W 




(C26 - C4 1 Nt't Used) 






RI6 


Met;il Glaze Chip 


5600 


5% 


I/I6W 




C42 


Ceramic 


O.OI^iF 


500V 


H17 


Caibf.in 


in 


5% 


I/2W 




C43 


Ceramic 


O.OI^iF 


500V 


R18 


Carbon 


in 


5% 


I/2W 




C44 


Electrolytic 


2 2piF 


200V 


R19 


Metal Glaze Chip 


1 IKO 


1% 


l/SW 




C45 


Ceramic Giip 


0.0l;tF 


50V 


R20 


Metal Glaze Chip 


2,7Kn 


1% 


1 /sw 




C46 


Electrolytic 


22kF 


16V 


R21 


Meittl Glaze Chip 


S 2KO 


1% 


l/SW 




C47 


Electrolytic 


47^F 


lOV 


R22 


MclaJ Glaze Chip 


S 2KO 


1% 


l^SW 




C48 


Ccnimic Chip 


O.tllKh 


50V 


R23 


Metal Glaze 


2.2RO 


5% 


IW 




C49 


Electrolytic 


22^/F 


]6V 


R24 


Carbon 


6. SO 


5% 


lyow 












R25 


Metal Glaze Chip 


lORO 


5% 


1/16W 






TRANSISTORS 




R26 


Metal Glaze Qiip 


9. IKO 


1% 


U'SW 




Ql 


NPN 


2 SD 8590 




R27 


Metal Gl:jzc Chip 


330KO 


5% 


WI6W 




02 


NPN 


2 SC 5 138 




R28 


Metal Glaze 


36KO 


[% 


i 




03 


NFN 


2 SC 3 1 38 




R29 


Metal Glaze Chip 


S 2KO 


1% 


1/8W 




CM 


PNP 


2SA 1012 




R20 


Carbon 


3.3KO 


5% 


I/6W 




05 


PNP 


2SA 1 162-Y 




R31 


Metal Glaze Chip 


2200 


5% 


I/I6W 




Q6 


NPN 


2 SC 2562- Y 




R32 


Metal Glaze Chip 


33KO 


1% 


1 /SW 




07 


NPN 


2 SC 271 2- Y 




R33 


Metal Glaze Chip 


3.9KO 


1% 


1 /SW 




Q8 


NPN 


2SDS59^Q 




R34 


Not Used 










0^1 


NPN 


2SC3J38 




H35 


Not Used 










QIO 


NPN 


2SC3J38 




RRj 


Not Used 










on 


PNP 


2SA 1012 




R37 


Not Used 










QI2 


PNP 


2,Sa M62-Y 




R38 


Not Used 










(QI3 - Q20Not Used) 






R39 


Not Used 










Q2I 


PNP 


iSA 1245 




R40 


Not Used 










022 


PNP 


2SA 1209-S 




R4! 


Metal Glaze 


22KO 




I/2W 


1 


023 


NPN 


2SC29I l-S 




R42 


Metal Glaze Chip 


6800 


5% 


1 / ] 6W 




Q24 


NPN 


2 SC 3120 




R43 


Metal Glaze Chip 


470 


5% 


I/16W 












R44 


Metal Glaze Chip 


4.7KO 


5% 


I/16W 






diodp:s 




R45 


Caibon 


S2KO 


5% 


I/4W 




m 


Dctccror 


1 GZ6I 




R46 


Metal Glaze Chip 


9100 


5% 


I/16W 




D2 


Detector 


1 GZ6I 




R47 


Nul Used 










D3 


Detector 


I G7.61 




R48 


Metal Glaze Chip 


1800 




I/I6W 




EM 


Detector 


1 G7 6I 




R49 


Metal Glaze Chip 


470 


5% 


I/I6W 




D5 


Dot eel or 


MA I51K 




R50 


Metal Glaze Chip 


22 KO 


5% 


1/I6W 




D6 


Detector 


MA I51K 




R51 


Metal Glaze Chip 


470 


5% 


1/I6W 




D7 


Bridge Rectifier 


2W 02 




R52 


Metal Glaze Chip 


6800 


5% 


1/I6W 




D8 


Not Used 






R53 


Carbon 


6800 


5% 


1 /6W 




D9 


Bridge Reciitler 


2W02 
















DIO 


Detector 


1 0Z61 






VARIABLE RESISTORS 






(OJ 1 ' Q20 Not Used) 






VRl 


Carbon rilm 


IKO 


ZO'f 


I/3W 




021 


Detector 


MA 15 IK 






1 

CAPACITORS 




1 






INTEGRA 


^TED CIRCUITS 




Cl 


Electro 1st ic 


47piF 




250V 




ICl 


Op. Amp 


MC i458^CPl 




C2 


Ceramic Chip 


0.0l;iE 




50V 




IC2 


Regalaror 


M 5236^L 




C3 


Ceramic Giip 


0.00]/^-F 




50V 




IC3 


Regulator 


HA 7805 -P 




C4 


Electrolytic 


IOOmF 




200V 




IC4 


Regulator 


M 523(YE 




C5 


Ceramic Chip 


0,01mI 




5i)V 












C6 


Ceramic Chip 


0 Qtll^zF 




50V 








¥VSE 




C7 


Ceramic Chip 


CI.Ol^iF 




50V 




FI 


Normal 


BEQ5tXimA 100> 


1 20V 


a* 


Electrolytic 


2200^xF 




35V 












c; 


Fleet ml y fie 


4 7;lF 




35 V 






PRINTEI 


CIKCUfT BOARD 




CIO 


Electrolytic 


4.7pif- 




35V 






T-5553A POWER SUPPLY 
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SynttkoJ 

No. 


Description 




RJ8 


MetaJ G]u7cChii> 


10011 5% 


J/16W 


RI9 


Metal CVjtc Chij> 


73K11 1% 


1/8W 


R20 


MetaJ Glaze 


2,2Mfl 1* 


1/4W 


R21 


Metal Glaze 


2,2MD !■» 


1/8W 


R22 


Metal Glaze Oijp 


62K11 


i/aw 


R23 


Metal Glaze Chip 


2211 5% 


I/16W 


R24 


Metal Glaze Chip 


3.3Kn 5^ 


I/16W 




VAJUABl 


E RESISl'ORS 




VRl 


Curixm Pilin 


WKil 


I/3W 


VR2 


Carbon Film 


JOKO 209E 


I/3W 


VR3 


Metal Film 


15 Mil 2551 


I/2W 




CAFi 


\ClTORS 




Cl 


Hlcelrolytic 


47^F 


25 V 


C2 


Ceramic 


4700pF 10^ 


3KV 


C3 


Ceramic 


lOOOpF 


500V 


C4 


Ceramic 


4700pF 1D5I 


3KV 


C5 


Ceramic 


4700pF I05( 


3KV 


C6 


Ceramic 


47(XtpF I05t 


3KV 


Cl 


Ceramic 


4700pF I09t 


3KV 


cs 


Ceramic 


4700pF 


500V 


C9 


Plastic Film 


0, 1 2mF 


50V 


CIO 


Ceramic Chip 


O.OImF 


50V 


CM 


blcctrolylK* 


22mF 


25 V 


C?2 


Metal Film 


OGmF 1051 


63V 


CI3 


Cxframic 


470pF I05( 


3KV 


C14 


Ceramic 


4700pF KMI 


3KV 




IRA*' 


^SISTORS 






NPN 


2 SD 56S-L 




Q2 


PNP 


2SA 1 162-0. Y 




Q3 


NPN 


2 SC 271 2-0. Y 




CM 


PNP 


2SA 1162-O.Y 




Q5 


PNP 


7.SA irwi-R 




06 


PNP 


2SA KJ91-R 






D 


lODES 




DJ 


Rectifier 


ED-rrv 




D2 


Rectifier 


ED-rrv 




D3 


Detector 


l SS 83 




D4 


Delector 


J SS S3 




D5 


Dcicetof 


) SS S3 




D6 


Detector 


J SS S3 




D7 


Zcnei 


RD36EB (36V) 




m 


Detector 


MA-I5IK 




D9 


Dclcciur 


IS 15itS 




DIO 


Deteclur 


MA-I5IK 






TltAN.' 


> FORMERS 




Tl 


Power! rans Jon icr I 


IJG29 






TICJfr TERMINAL 




TFN 


LC-2-S (ORANGE) 








PRINT ED CIRCDIT BOARD 






T-3S9 lA HIGH VOLTAGE 




1 


T-3554 






VERTK 


:AL INPUT AMPUFIERS 

j 








RESISTORS 




R1 


Carizon 


JOO 


I/6W 


R2 


Not U,«tJ 






R3 


MetaJ Glaze 


3.WK11 1% 


1/2W 


R4 


Meial Glaze 


IMU 0.5% 


1/2W 


R5 


Metal Glaze Chip 


S.6K11 5% 


I/16W 


R6 


Metal Glaze Chip 


5 6K11 5% 


I/16W 


R7 


Metal Glaze Chip 


lOon 5%. 


I/16W 


R» 


Metal Glaze Chip 


lOOll 5% 


I/I6W 


R9 


Metal Glaze Ch.p 


4711 5% 


l/SW 


RIO 


Metal Glaze Ch p 


22KO 5% 


1/I6W 


RIJ 


Metal Glaze Ch p 


22012 5% 


1/16W 


RI2 


Metal Glaze Ch p 


5.6K12 5% 


1/16W 


Rn 


Metal Glaie Ch p 


6K0n 5% 


1/1 6W 



Sj mbol 
No. 


I>ncriplian 




T— — 1 

T-3590A 






BLANK 


ING 








1 

RFISISTORS 




R] 


MeiaJ Glaze Chip 


lOOKO 5% 


1/16W 


R2 


Carbon 


22K11 5% 


1/4W 


R3 


Metal Glaze Chip 


2.2Kn 5% 


1/1 6W 


R4 


Meial Glaze Chip 


22R11 5% 


1/16W 


R5 


Meial Glaze Chip 


I8KH 1% 


1/itW 


R6 


Metal Glaze Chip 


lOKO 5% 


I/16W 


R7 


Metal Glaze Chip 


1 .2KH 5% 


I/I6W 


R8 


Metal Glaze Chip 


lOKIl 5% 


I/16W 


K9 


MetaJ Glaze Chip 


IOOK12 5% 


I/16W 


RIO 


Meial Glaze Chip 


lOOKD 5% 


1/16W 


RU 


Metal Glaze Chip 


IWKO 5% 


1/16W 


R12 


Metal Glaze Chip 


22KO 5% 


I/J6W 


RU 


MetaJ Glaze Chip 


IKD 5% 


1/1 6W 


K14 


Metal Glaze Chip 


J.6K0 1% 


1/aw 


R15 


Metal Glaze Chip 


470 5% 


I/I6W 


RI6 


Meial Glaze Chip 


I.IKO 1% 


1/«W 


R17 


Metal Glaze Chip 


4711 5% 


1/I6W 


Kl3 


Metal Glaze Chip 


2 2KQ 5% 


1/1 6W 


R19 


MetaJ GJaze Chip 


2 2K12 5% 


IH6W 




CATf 


^cmiHs 




Cl 


Ceramic Chip 


0.0 ImF 


50V 


C2 


Ceramic 


0 ImF 


50V 


C3 


Ccrajnic 


0 ImF 


50V 


C4 


Ceramic 


O.OImF 


50V 


C5 


Ceramic Chip 


O.OImF 


50V 


C6 


Ceramic Chip 


O.OImF 


50V 


C7 


Tantalum 


22mF 20% 


16V 




TRA2 


i.SISTORS 




Qi 


PNP 


2SA 1245 






NPN 


2 SC 2712-G 




03 


NPN 


2 SC 3 1 20 






D 


lODES 




D1 


Detector 


MA 151 WA 




D2 


Detector 


MA 151WA 




D3 


Dcicclor 


MA I5IWA 




D4 


Detector 


1 SS 99 




D5 


Detector 


l SS99 




D6 


Detector 


1 SS99 




D7 


Detector 


MA 15IK 






INTEGRA' 


FED CIRCUITS 




ICJ 


H CMOS 


TC'74 HC(WP 




IC2 


HCMOS 


TC 74 HC 76P 




IC3 


H CMOS 


TC 74 HC 02P 






PRINTED C 


IRCL IT BOARD 






T-3S90A BLANKING 
1 




T-3 


591A 






HIGH VOLTAGE 








RESISTORS ! 




R1 


Carbon 


22X1 5% 


I/2W 


R2 


MeiaJ Glazr Chip 


lOOn 5% 


J/16W 


R3 


Not Used 






R4 


Carbon 


47KX1 5% 


1/2W 


R5 


CartxMi 


330KU 5% 


1/16W 


R6 


Meial Glaze Chip 


56KO 5% 


1/1 6W 


R7 


Carbon 


lOMXl 5%. 


1/2W 


RS 


Metal Glaze Chip 


I.SKO 5% 


1/1 6W 


R9 


Metal Glaze Chip 


220KD 5% 


1/16W 


RIO 


MetaJ GJaze Chip 


IKXl S% 


1/16W 


RM 


Metal Glaze Chip 


loori 5% 


1/16W 


R12 


Carbon 


22MO 5% 


IW 


R13 


Carbon 


IKO 5% 


1/4W 


RU 


Meta) Glaze Chip 


47KX1 5% 


I/I6W 


R15 


Metal Glaze Chip 


4.7K11 5% 


1/16W 


R16 


Carbon 


5.6MX2 5% 




RI7 


Carbon 


lOMO 5% 


1 W 



27 






Symbol 

No. 


DrMrriplioQ 






RI4 


Mcial Glaw Chip 


|2Wt 


5**- 


J ! 1 6W 


RI5 


Meul GJazt* Oiip 


22 Kn 


5% 


1/16W 


R l(> 


Metal Gla/c Cliip 


2.2KG 


5% 


I/I6W 


RI7 


.Metal Glaze Chip 


2.2K£1 


5^ 


]/l6W 


Rl» 


Metal Glaze Cliip 


IKH 


5% 


J/I6W 


RI9 


Metal Glaze Chip 


\on 


5% 


J/16W 


R20 


McIjI Ghizc Chip 


240tl 


5% 


] i 1 b\W 


R2I 


Metal Glaze Chip 


lOOG 


5% 


1/I6W 


R22 


.Metal Glaze Chip 


3 3KG 


]% 


]/8W 


R2} 


Mclal Ghize Chip 


47G 




J/I6W 


R24 


Metal Glaze Chip 


I2KG 


5% 


I/I6W 


R2^ 


Metal Glaze Chip 


IKD 


5% 


1/I6W 


R20 


.Not Used 








R27 


Metal Glaze Chip 


4711 


5% 


i;i6W 


R2ft 


Metal Glaze Chip 




5% 


i/loW 


R29 


Metal Glaze Chip 


6811 


5% 


1/1 6W 


R?0 


Metal Glaze Chip 


4711 


5% 


1/I6W 


R3I 


.Mela) Glaze Chip 


33oa 


5% 


1/I6V 


R32 


Metal Glaze 


IMG 


0.5% 


IMW 


R32 


Metal Glaze Chip 


6 8KG 


1% 


1/8W 


R7^ 


Metal Glazjc 


3.3K£1 


0 5% 


]/6W 


R35 


Metal Glaze Chip 


I20K11 


5% 


I/I6W 


R36 


Meta! Glaze 


5I0£1 


0 5% 


1 /6V\' 


R37 


Metal Glaze Chip 


39il 


5% 


1 / 1 


R38 


Metal Glaze Chip 


22U 


5% 


I/I6W 


R39 


Metal Glaze Chip 


5IU£1 


1% 


I/8W 


R40 


Metal Glaze Chip 


]3tJG 


1% 


l/KW 


R4J 


Metal Glaze Chip 


2211 


5% 


1/I6W 


R42 


Metal Glaze Chip 


27Uil 


5% 


I/8W 


R43 


Metal Glaze Chip 


mi 


5% 


I/I6W 


R4-1 


Metal Glaze Chip 


47KU 


5% 


I/I6W 


R45 


Metal Glaze Chip 


36KQ 


5% 


I/I6W 


RJ6 


Metal Glaze Chip 


33 K a 


5% 


I/I6W 


R47 


Metal Glaze Chip 


27i)£l 


5% 


I/16W 


R4H 


Metal Glaze Chip 


I80U 


5% 


I/I6W 


R49 


Metal Glaze Chip 


2 2KU 


5% 


I/I6W 


R50 


Metal Glaze Chip 


2 2K£1 


5% 


1 / 1 6W 


R3J 


Not Used 








R52 


Metal Cla/e Chip 


I5iin 


5% 


1/I6W 


R53 


Metal Glaze 


300G 


0 5% 


I/6W 


RM 


Metal Cila7.e Chip 


ItlKtl 


5% 


1 / 1 o\v 


R35 


Noi Used 








R3(i 


Metal Glaze 


30tj£l 


0.5% 


I/6W 


R57 


Metal Glaze Chip 


47H 


5% 


I/I6W 


R58 


Metal Glaze Chip 


27oa 


5% 


I/I6W 


R59 


Metal Glaze Chip 


33UG 


5% 


1 / 1 6V\‘ 


R(St1 


Metal Glaze Chip 


ion 




I/I6W 


R6I 


Metal Glaze Chip 


4711 


5% 


I/I6W 


(R62 -R IOC Not Used) 








RKI] 


Carbon 


jon 


5^ 


I/6W 


RI02 


Not Used 








RICI3 


Metal Glaze 


33riKn 


1% 


I/4W 


RI04 


Metal Glaze 


IMG 


0.5% 


I/2W 


RI05 


Metal Glaze Chip 


_S.6Kn 


5% 


1/I6W 


R106 


Meial GIjzc Chip 


3.6Kn 


5% 


1/I6VV 


R107 


Metal Glaze Chip 


\00Q 


5% 


1/I6W 


R10« 


Metal Glaze Chip 


icon 


5% 


1/16W 


Rim 


Metal Glaze Chip 


47U 


5% 


I/8W 


R] 10 


Metal Glaze Chip 


2 , 2 Kn 


5% 


I/16W 


Rill 


Metal Glaze Chip 


2200 


5% 


I/I6W 


Rl 12 


Metal Glazje Chip 


5.6Kfl 


5% 


I/I6W 


Rl 13 


Metal Glaze Chip 


680 n 


5% 


I/I6W 


RM4 


Metal Glaze Cliip 


i 2 on 


5% 


I/I6W 


R113 


MciaJ Glaze Chip 


22 KU 


5% 


I/16W 


Rl 16 


MeLil Glaze Chip 


2.2KII 


5% 


I/16W 


Rl 17 


Metal Glaze Chip 


Z,2K£l 


5% 


I/16W 


Riia 


Mclai Glaze Chip 


IKG 


5% 


1/16W 


Rl 19 


Metal Glaze Chip 


ion 


5% 


1/I6W 


RI20 


Metal Glaze Chip 


240n 


5% 


I/I6W 


RI2I 


Metal Ghizc Chip 


loon 


5% 


I/I6W 


R122 


Metal Ghiy.e Chip 


3 3KH 


f% 


]/SW 


RI23 


Metal Glaze Chip 


47G 


5% 


1/I6W 


RI24 


Metal Glaze Chip 


J2Kn 


5% 


1 / 16 W 


RI25 


Metal Glaze Chip 


IKH 


5% 


I/I6W 


R126 


Not Used 








R127 


Metal Ghizc Chip 



4711 


3^3- 


1 ; 1 6W 



Symbol 

No. 


l>< KcriptJon 






R128 


Mclal Ghjizc Chip 


■iHO 




l.'lhW 


RI29 


Metal GLaze CTiip 


otin 


5% 


I/I6W 


RI30 


Metal Glaw' (."hip 


■1711 


5% 


I/I6W 


RI.3I 


Metal Glaze CTiip 


Gon 


5% 


I/I6W 


R132 


Metal Glaze 


fMG 


0 5% 


U4W 


RI33 


Metal Glaze Chip 


■i 8KU 


1% 


l/SW 


RIU1 


Metal Glaze 


),3Kn 


0 5% 


I/6W 


RJ35 


Mc:tal Gl.ize Chip 


I20K12 


5% 


I/16W 


RI36 


Mela) Glaze 


ilon 


0 5% 


I/6W 


RI37 


Meul Glaze Chip 


mi 


5% 


1 / 1 6\V 


R138 


Meiai Glaze Chip 


Mil 


5% 


I/I6W 


R139 


Metal Glaze Chip 


Mon 


1% 


I/8W 


R140 


Mclal Glaze Chip 


3on 


1% 


J/8W 


RI4I 


Metal Glaze Chip 


[2Q 


5% 


1 / 1 b\V 


RI42 


Nfcial Gl;t/.f Chip 


MOO 


5% 


1/8W 


R 143 


Mclal G)a/c Chip 


:\2il 


5% 


J/I6W 


R J44 


Mclal Glaze Chip 


47K11 


5% 


J/I65V 


RI45 


Melal Gkizc Chip 


MjKO 


5% 


1/I6W 


RN6 


Mclal Glaze Chip 


I3K11 


5% 


J/I6W 


RI47 


Melal Glaze Chip 


::7on 


5% 


]/l6W 


RM8 


Mclal Glaze Chip 


8011 


5% 


1/I6W 


RI49 


Mclal Glaze Chip 


::,2Kn 


5% 


I/I6W 


R15U 


Metal Glaze CliJp 


,:.2Kii 


5% 


I/I6W 


RI5J 


Not Used 








R1S2 


Metal Glaze Chip 


5on 


5% 


1 / 1 6W 


RI53 


Metal Glaze 


::oon 


0.5'^ 


1/6W 


RI54 


Metal Glaze Chip 


8Kn 


5% 


1/I6W 


R 155 


Not U.sed 








RI56 


Metal Gl.ize 


toon 


0.5% 


] fbW 


RI57 


Meta! Glaze Chip 


■470 


5% 


I/J6W 


R158 


Melal Glaze Chip 


::7on 


5% 


I/I6W 


Rl 59 


Meijl Glaze Chip 


;7ton 


5% 


1/16 


RkiO 


Metal Glaze Chip 


on 


5% 


I/I6W 


RI6I 


Metal Glaze Chip 




5% 


I/I6W 




V:\RlAfl 


Ll RESISTORS 




VRl 


.Metal Glaze 


^700 


25% 


I/5V 


VR2 


Metal Glaze 


oon 


25% 


I/.5V 


VR3 


Metal Ghize 


UKO 


25% 


I/5V 


VR4 










VR.5 


Metal Gla/e 


72Kfl 


25% 


I/5V 


(VR6- VRl 00 Not Used) 








VRjOl 


Metal Glaze 


^.7on 


25% 


J/5W 


VRIiJ2 


Metal Glaze 


oon 


25% 


I/5W 


VRI03 


Metal Glaze 


OKU 


25% 


1/.5W 


VRU34 










VRI05 


.Metal Glaze 


;’2K0 


25% 


1/5W 




CAf 


‘AcrroRs 






Cl 


Mclal Film 


0.01 fiF 


10% 


630V 


C2 


Ceramic Chip 


OOpF 


5% 


50V 


C3 


Ceramic CTiip 




0 25pF 


50V 


C4 


Ceramic Chip 


0-OI/iF 




50\' 


C5 


Ceramic Chip 


O.OJ^F 




505' 


C6 


Ceramic Chip 


0.01 ^iF 




50\' 


C7 


Ceramic Chip 


O.OI^iF 




5i)\' 


Oi 


Ceramic Chip 


tvRpF 


5% 


50\’ 


C9 


Elcctroltyrc 


;'20^F 




16V 


CIO 


Ceramic Chip 


o.oi^r 




50\' 


Cl 1 


Ccrdjnic Oiip 


0 Ol^F 




50V 


C12 


Ceramic Chip 


2pF 


Sir 


50V 


03 


Ceramic Chip 


O.Ol^F 




50V 


04 


Ceramic Chip 


O.Ol^F 




50V 


03 


Not Used 








06 


f enmjic Chip 


'pF 


0 2Sp[- 


50\' 


07 


Not 








08 


I'diUalum 


::2^F 


20% 


16V 


09 


Ceramic Chip 


n uvF 




50V 


C20 


lanLaluni 


;!2^F 


20% 


16V 


C72I 


Ceramic Chip 


0.0 l^F 




50V 


C22 


EIcctTolytie 


220^F 




16V 


C23 


Ceramic Chip 


0.0 l^F 




50V 


C24 


Ccramtc Chip 


O.Ol^zF 




50V 


C25 


Ceramic Chip 


O.OI^zF 




50V 


C26 


Ceramic Chip 


5pF 


5% 


50V 


C27 


Ceraniie Chip 


3pF 


5% 


50V 



28 






Symbol 

JSo. 




>cscrifilioD 






N-ot Used 






C29 


Ceramic Chip 


0.01 


50V 


C?0 


Ceramic Chip 


O.Ol^H 


50V 


C31 


Ceramic Chip 


O.Ol^H 


50V 


C32 


Ceramic Chip 


O.OImF 


50V 


C33 


Ceramic Chip 


0 Ol^F 


50V 


(C34 - C 100 Noi Used) 






CIOI 


Metal Film 


U()l;iF I0‘t 


6.30V 


Cl 02 


Ceramic Chip 


lOOpF 5'a 


-50V 


CJ03 


Ceramic Chip 


IpF 0 25pF 


50V 


CJ04 


Ceramic Chip 


o.oiMf- 


50V 


Cl 05 


Ceramic Chip 


O.Ol^/F 


50V 


Cl 06 


C'cramic Chip 


O.OI^/F 


50V 


CI07 


Ceramic Chip 


O.Ol^/F 


50V 


Cl OR 


Ceramic Chip 


t>RpF SS 


50V 


CI09 


Eleclralytic 


22QmF 


16V 


CIJO 


Ceramic Chip 


O.OI^/F 


50V 


Cl 1 1 


Ceramic Chip 


O.OJ^/F 


50V 


CIJ2 


Ceramic Chip 


l2pF 5^.v 


50V 


Cl 13 


Ceramic Chip 


O.m^/F 


50V 


Cl H 


Ceramic Giip 


OOI^/F 


50V 


Cl 15 


Not Used 






Cl 16 


Ceramic Chip 


2pF 0.25pF 


-50V 


Cl 17 


Not Used 






Cl 18 


TariLiluiii 


22^/F 20^^ 


16V 


Cl 19 


Ccramtc Chip 


0,01^/F 


50V 


Cl 20 


rantalum 


22^/F 20'V 


16V 


C12I 


Ceramic Chip 


O.OJ^F 


50V 


Cl 22 


Electrolytic 


22^/F 


16V 


Cl 23 


Ceramic Chip 


0.0 I^F 


50V 


CJ24 


Ceranne Chip 


O.OI^/F 


50V 


CI25 


Ceramic Chip 


O.CII^F 


50V 


CJ26 


Ccrnnic Chip 


l5pF yi 


50V 


Cl 27 


C cramic Chip 


IR|>F 5*;^ 


50V 


C128 


Nor Used 






C129 


Ceramic Chip 


O.OI^/F 


50V 


Cl 30 


Ceramic Chip 




50V 


C13I 


Ceramic Chip 


O.Ol^F 


50 \ 


Cl 32 


Ceramic Chip 


0.01 ^/F 


50V 


Cl 33 


Ceramic Chip 


0.01^/F 


50V 




VARIA B LK C APACnORS 




VCl 


Ceramic 


2P- l2pF 


2.5ilV 


VC2 


Ceramic 


2P- l2pF 


2.5ilV 


(VC3-VCI01 NoiTIvxl) 






VC 102 


CctOJlLlC 


2P- I2pl' 


250V 




TRANSITORS 






NPN 


2 SC 3 120 






NPN 


2 SC -3120 




Q3 


Dual tirr 


mPA71A-1. 




Q4 


NPN 


2 .SC 3098 




Q5 


Not Used 






Q6 


NPN 


2 SC 3098 






NPN 


2 SC 3120 




QH 


PNP 


2 ,SA 1 -245 




Q9 


NPN 


2SC3I20 




QIO 


PNP 


2 SA 1 245 




Qll 


NPN 


2 SC 3120 




QI2 


NPN 


2 SC 3120 




013 


NPN 


2. SC 3120 




(gi4^QlOONoiUscd) 






QIOI 


NPN 


2 SC 3 1 20 




gi02 


NPN 


2SC3120 




OKI3 


Dual FET 


MPA71A-L 




QI04 


NPN 


2 SC 3098 




0105 


Not Used 






0106 


NPN 


2 SC 3098 




0107 


NPN 


2SC3120 




oioa 


PNP 


2SA 1245 




0109 


NPN 


2 SC 3120 




Olio 


PNP 


2SA 1245 




OIH 


NPN 


2SA3I20 




01 12 


NPN 


2SA3120 




Ql 13 


NPN 


2SA3120 





Symbol 

No. 




[keiscrlplion 










>IODf3 






Dl 


Del eel or 


MA I.W 






D2 


Deled or 


MA 157 






D3 


Ddeclor 


MA 157 






D4 


Deled or 


MA 15IA 






D5 


Detedor 


MA 157 






D6 


Detedor 


MA 157 






r>7 


Delcdor 


MA 157 






(D8-D100 Not Used) 








DIOI 


Detedor 


MA 157 






DI02 


Ddedor 


MA 157 






DI03 


Deiccior 


MA 157 






DlfM 


Delcdor 


MA 151 A 






DI05 


Dciccior 


MA 157 






DIO^. 


Delcdor 


MA 157 






DI07 


Dcicdor 


MA 157 








rNTEGtATED CIRCUIT 




ICl 


OP AMP 


TL071 CP 






1C2 


OP AMP 


TL07] CP 








5WlTCHt:S 






SI 


Roiary SR AT 


^4 CH 1 VOLTS/niV VAR 


VR4 










S2 


Push n-547 


^PKH 1? CH 


2 INV 




(S3 -S 100 Not Used) 








SI 01 


Rotary SR A"" 


74 CH 2 VOLTS/DiV VAR 




PRINTED CIRCL'IT BOARD 






T-3SS4A VERTIC 


\h INPUT AMPUEIERS 


1 


-35«2A \TRTICA L 


.VMPLIEIER SUBSFXTION 




Misi: 


ELL.VNEOL>S 






JIO 


Connector 


5533 -04 APB 






T-3555 








VERTICAL PREAMPUFIERS 








t ESISTORS 






Rl 


Metal Glaye Chip 


I OOP. 


5% 


J/I6W 


R2 


Metal Glaze Chip 


2,2Kn 


5% 


I/8W 


R3 


Metal Glaze Chip 


2 2KI1 


5% 


I/HW 


R4 


Metal Glaze Chip 


jooa 


5% 


1/I6W 


R5 


Metal Glaze Chip 


2 2KP 


5% 


I/J6W 


R6 


Metal Glaze Chip 


Ofl 


5<* 


1/I6W 


R7 


Metal Glazx Chip 


i8on 


55t 


I/I6W 


RR 


Metal Glaze Chip 


560a 


55t 


I/16W 


R9 


Metal Glaze Chip 


2 7KD 


55t 


I/I6W 


RIO 


Metal Glaze Chip 


4?n 


55C 


I/J6W 


Rl 1 


Metal Glaze Chip 


4.7KD 


55E 


I/I6W 


RI2 


Metal Glaze Chip 


560n 


55t 


I/I6W 


RI3 


Metal Glaze Chip 


39011 


55t 


I/16W 


RL4 


Metal Glaze Chip 




59t 


I/I6W 


R15 


Metal Glaze Chip 


560U 


1% 


1/8W 


RI6 


Metal Glaze Chip 


390U 


551 


1/1 6W 


R17 


Metal Glaze Chip 


470 


5% 


1/I6W 


R18 


Metal Glaze Chip 


I 2KO 


S'* 


I/8W 


R19 


Metal Glaze Chip 


1 2KO 


551 


i/aw 


R20 


Metal Glaze Chip 


lOKO 


55fc 


I/I6W 


R2I 


Metal Glaze Chip 


3900 


5^ 


I/16W 


R22 


Factory Adjust 








R23 


Metal Glaze Chip 


27(X2 


5% 


I/J6W 


R24 


Metal GK'tic Chip 


5600 


5% 


1/16W 


R25 


Metal Glaze Chip 


2700 


5% 


I/J6W 


R26 


McMal Glaze Chip 


5600 


5% 


1/1 6W 


R27 


Metal Glaze Chip 


470 


5% 


PI6W 


R2S 


Metal Glaze Chip 


3 3KO 


5% 


I/16W 


R29 


Metal Glaze Chip 


4 7K.O 


5% 


1/16 W 


R30 


Metal Glaze Chip 


lOtJO 


S% 


I/16W 


R3I 


Metal Glaze Chip 


3.300 


5% 


I/16W 


R32 


Metal Glaze Chip 


2,7Kil 


5% 


1/16W 


R33 


Metal Glaze Chip 


2.7KO 


5% 


1/16W 


R34 


Metal Glaze Chip 


loon 


5% 


1/16W 


R35 


Metal Glaze Chip 


lOKO 


5% 


J/16W 


R36 


Motal Glaze Chip 


4.7KO 


5% 


1/16W 


R37 


Metal Glaze Chip 


470 


-ST 


J/16W 







S fmbo\ 
No, 


Description 








Symbol 

No. 


Drseripth n 










Mclj] Glii/c Clip 


4711 


5% 


I/16W 




R1L5 


Metal Glaze Chip 


JOKO 


5*^ 


1/1 6W 




R 


MclaJ GJii7C Chip 


68([n 


5% 


I/16W 




R116 


Metal Glaze Chip 


4 7KO 


5% 


1/16W 




RW 


Mcral Gla^c Chip 


1 ,5Kn 


5% 


I/I6W 




R117 


Metal Glaze Chip 


27KO 


55^ 


1/1 6W 




RU 


Nfcial Glaze Chip 


l,5Kn 


5% 


I/I6W 




KI18 


MciaJ Glaze Chip 


JOKl) 


5% 


1/16W 




R12 


Mcral GlaZicChip 


6.8KO 


5* 


106W 




Rl 19 


Carbon 


lOKO 


5% 


1/6W 




K13 


Metal Glaze Chip 


33on 


5% 


U16W 




RI20 


Carbon 


lOKO 


5% 


1/6W 




RU 


Metal Glaze Oiip 


2 7KH 


5% 


I/I6W 




RI2] 


Metal Glaze Chip 


33X1 


5% 


1/16W 




R15 


Mcial Glaze Chip 


2 . 2 Kn 


5% 


I/I6W 




RI22 


MetaJ Gla/e Chip 


330 


5% 


I/16W 




R1(> 


Metal Glaze Chip 


I2K11 


5% 


1/I6W 




K123 


Not Used 










RJ7 


Metal Glaze Chip 


s2on 


5% 


1/HW 




RI24 


Metal Glaze Chip 


9100 


5% 


]/aw 




R48 


Metal Glaze Chip 


2.2Ka 


55t 


1/1 6W 




RI25 


Melal Glaze Chip 


47V 




1/16W 




K49 


Meial Glaze Chip 


2.2Kn 


5^ 


WI6W 




R126 


Metal Glaze Chip 


3300 


5% 


1/16W 




R50 


Meiat Glaze Chip 


4711 


5% 


I/I6W 




RI27 


Metal Glaze Chip 


5.6KO 


5% 


1/16W 




R5I 


Metal Glaze Chip 


6.8KH 


5% 


1/16^’ 




RI28 


Melal Glaze Oiip 


5.6KJ1 


5» 


1/I6W 




B52 


Metal Glaze Chip 


4711 


5% 


I/16W 




RI29 


Mcial Glazw Chip 


lOKO 


5» 


1/16W 




B53 


Moial Glaze Chip 


1 ,5Kn 


5% 


I/I6W 




RI30 


Metal Glaze Chip 


330 


5^ 


I/16W 




H54 


Melal Glaze Chip 


47a 


5% 


I/J6W 




R13I 


Carbon 


330 


5% 


I/6W 




B55 


Metal Glaze Chip 


4 3K11 


1% 


08W 




R]32 


Carbon 


47UKO 




1/6W 




B56 


Metal Glaze Chip 


6.3KO 


1% 


1/SW 




(RI33-F 


U50Nr4 Used) 










H57 


Melal Glaze Chip 


5.6KH 


1% 


i/aw 




RI5I 


Metal Glaze Chip 


470 


5% 


1/I6W 






Metal Glaze Chip 


lOKH 


5% 


1/I6W 




RI52 


Metal Glaze Chip 


470 


5T 


1/1 6W 




H59 


Metal Glaze Chip 


47KH 


5% 


1/I6W 




RI53 


Metal Glaze Chip 


7500 


5^. 


1 /aw 




F60 


Metal Glaze Chip 


47KH 


5% 


U\bW 




RI54 


Motaf Glaze Chip 


750X1 


5^ 


1/8W 




F6I 


Metal Glaze Chip 


1K11 


5% 


I/8W 




RI55 


Metal Glaze Chip 


lOOO 




1/16W 




F W 


.Vielai Glaze Chip 


IKH 


5% 


1/8W 




R156 


Melal GJazjc Chip 


R20f? 


s% 


1/I6W 




F63 


Melal Glaz.e Chip 


9ioa 


5% 


l/RW 




RI57 


Metal Glaze Chip 


820il 


5% 


I/16W 




f 64 


Melal Glaze Chip 


5600 


5% 


I/8W 




R15S 


Metal Glaze Chip 


68011 


5% 


1/BW 




F65 


MeLal Glaze Oiip 


470 


3% 


I/I6W 




RI59 


Metal Gluze Chip 


6800 


5% 


l/BW 




166 


Carbon 


2700 


5% 


1/2W 




R160 


Melal Glaze Chip 


470 


5% 


1/1 6W 




167 


Metal Glaze Chip 


470 


5% 


1/I6W 




R16] 


Melal Glaze Chip 


4700 


5% 


1/16W 




f.6« 


Metal Glaze Chip 


5600 


5% 


1/8W 




R162 


Metal Glaze Oiip 


2,7KX1 


5% 


1/I6W 




[.69 


Metal Cla/e 


6200 


1% 


I/2W 




RI63 


Metal Glaze Chip 


5.6KO 


5% 


1/I6W 




[.70 


Meta) Glaze Chip 


910 


1% 


i/aw 




RI64 


Metal Glaze Oiip 


8200 


5% 


1/16W 




[.71 


Factory Ad)usi 










R(65 


Melal Glaze Chip 


on 


5% 


1/16W 




1,72 


Metal Glaze Chip 


910 


1% 


I/3W 




R166 


Meial Glaze Chip 


2200 


5% 


I/aw 




i;7J 


Meul Glaze 


6200 


1% 


I/2W 




KI67 


Moial Glaze Chip 


2.2KX1 


5% 


J/16W 




[:74 


Melal Glazjc Chip 


6-HKO 


5% 


I/I6W 




R168 


Metal Glaze Chip 


6BO 


5% 


1/16W 




[;75 


Melal Glaze Chip 


3300 


5% 


I/16W 




R]69 


Melal Glaze Chip 


1.5KO 


5% 


1 /aw 




[:76 


Melal Glaze Chip 


lOOO 


5% 


I/16W 




RI70 


Metal Glaze Chip 


l.BKO 


5% 


1/16W 




[:77 


Metal Glaze Cliip 


2KO 


5% 


I/aw 




RI7I 


MetaJ Glaze Chip 


2200 


5% 


I/8W 




[:7R 


Metal GlazjcChip 


2KO 


5% 


I/aw 




RI72 


Metal Glaze Chip 


IKO 


5% 


I/8W 




1:79 


Metal Glaze Chip 


loon 


5% 


i I/I6W: 




R173 


Metal Glaze Chip 


470 


5% 


I/I6W 




1180 


Metal Glaze Chip 


2.2KO 


5% 


I/I6W 




RI74 


Metal Glaze Chip 


470 


5% 


l/t6W 




llHI 


Metal Glaze Chip 


820 


5% 


1/I6W 




RI75 


Metal Glaze Chip 


470 


5% 


1/T6W 




J182 


Metal Ghize Chip 


1800 


5» 


I/16W 




RI76 


MetaJ Glaze Chip 


7500 


591 


I/aw 




J1B3 


Melal Glaze Chip 


5600 


5% 


1/16W 




RI77 


Melal Glaze Cliip 


7500 


5% 


1 /aw 




J184 


Metal Glaze Chip 


5600 


5% 


I/16W 




R178 


Melal Glaze Chip 


lOOO 


5% 


I/I6W 




I1R5 


Metal Glaze Chip 


470 


5% 


I/16W 




RI79 


Metal Glaze Chip 


3301 i 


5% 


1/1 6W 




1186 


Melal Glaze Chip 


470 


5* 


1/I6W 




R180 


Metal Glaze Chip 


8200 




1/16W 




U87 


Metal Glaze Chip 


3,3KO 


5% 


I/I6W 




R181 


Metal Glaze Chip 


8200 


55t 


1/16W 




R88 


Metal Glaze Chip 


3,3KO 


5* 


J/16W 




R1S2 


Metal Glaze Chip 


6800 


59b 


1 /aw 




K89 


Mchi! Glaze Chip 


3900 


5% 


1/16W 




RI83 


MetaJ Glaze Chip 


6800 


59b 


I/8W 




K90 


Melal Glaze Chip 


5600 


1% 


1 /aw 




R134 


Metal Glaze Chip 


470 


59b 


1/16W 




U9I 


Melal Glaz^ Chip 


3900 


5% 


I/I6W 




RIR5 


Metal Glaze Chip 


4700 


5% 


I/16W 




lt92 


Nfclal Glaz^ Chip 


470 


5% 


I/16W 




R186 


Metal Glaze Chip 


2.7K11 


5% 


I/I6W 




lt93 


Metal Glaze Chip 


2 7KO 


5% 


I/16W 




RI87 


Metal Glaze Chip 


5.6KO 


59b 


1/16W 




H94 


Metal Glaze Chip 


2.7KO 


5% 


I/I6W 




Rm 


Metal Glaze Chip 


2.2KO 


59b 


I/I6W 




195 


Metal Glaze Chip 


4.7KO 


5% 


I/I6W 




R]89 


Metal Glaze Chip 


IKO 


5% 


1/8W 




196 


Metal Glaze Chip 


4 7KO 


5% 


1/I6W 




RI90 


Metal Glaze Chip 


22011 


59b 


1/8W 




t97 


Metal Glaze Chip 


1.2KO 


5% 


1/I6W 




RJ91 


Metal Glaze Chip 


680 


5% 


I/I6W 




t9B 


Metal Glaze Chip 


1.2KO 


3% 


1/J6W 




R192 


Melal Glaze Chip 


2700 


5% 


1/1 6W 




199 


Factory Adjust 










RI93 


MefaJ Glaze Chip 


560 


5% 


1/16W 




1100 


Metal ClazjcChip 


lOKO 


5* 


1/16W 




RI94 


Metal Glaze Chip 


560 


5% 


1/16W 




110] 


MeiaJ Glaze Chip 


3900 


5% 


I/16W 




R195 


Metal Glaze Chip 


1.5K0 


59b 


1/8W 




1102 


Melal Glaze Chip 


2700 


5% 


1/16W 




Rm 


Mcuil Glaze Chip 


560 


5% 


]/l6W 




U03 


Mouil Glaze Chip 


2700 


5% 


J/I6W 
















1104 


Metal Glaze Chip 


5600 


5% 


1/1 6W 






VAKIAB 


LE RESISTORS 






1105 


Meta] Glaze Chip 


6.8KO 


5% 


T/16W 




VKI 


Carbon 


5000 


205t 


I/3W 




1106 


McUil Glaze Chip 


5600 


5% 


I/16W 




VR2 


Cart>Dn 


2KO 


205t 


1/3W 




1107 


Metal Glaze Chip 


3.3KO 


5% 


I/16W 




VR3 


Carbon 


3000 


20% 


1/3W 




1108 


Metal Glaze Chip 


470 


5% 


1/I6W 




VR4 


Carbon 


5000 


209b 


1/3W 




1109 


Metal Glaze Chip 


4 7KO 


5% 


1/I6W 




VR5 


Carbon 


2KO 


209b 


1/3W 




1110 


Melal Glaze Chip 


lOOO 


.5% 


1/16W 




VR6 


Carbon 


5000 


209b 


I/3W 




iin 


Metal Glaze Chip 


3300 


5% 


1/]6W 




(VK7 - VR20 Nl4 U^'d) 










1|[2 


Melal Glaze Chip 


]000 


5% 


I/16W 




VR2I 


Carbon 


2000 


20% 


I/3W 




1113 


Metal Glaze Chip 


2.7KO 


5^ 


1/16W 




VR22 


Carbon 


iKO 


20% 


1/3W 




8114 


Metal Glaze Chip 


2 7KD 


yi 


1/1 6W 
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Symbol 

No, 


iX'scHption 






Symbol 

No, 


Descripliofi 






CAPACITORS 






cyi 


Ceramic Chip 


Factory Adjurii 


SOV 


Cl 


Elecirolylit 


22f^y 


2SV 




C9H 


Electrolytic 


22kF 


2SV 


C2 


Ccnuiitc Chip 


0 Ol^E 


SOV 




C99 


Cerainic Chip 


0.0 )mF 


50V 


C3 


Cci^aniK Chip 


0 (H^f- 


SO\^ 




ClOO 


Cciamic Chip 


Factory Adjust 


50V 


C4 


Ceramic Chip 


Sph 0 


SOV 




ClOl 


Ceramic Chip 


0.01/iP 


50V 




Ceramic Chip 


0 OI^F 


SOV 




Cl 02 


Ceramic Chip 


lOpF O.SjiF 


SOV 


C6 


Ceramic Chip 


O.OI/iF 


SOV 




Cl 0.1 


Ceramic Chip 


O.Ol/iF 


SOV 


C7 


Ceramic Chip 


O.OImF 


SOV 




C104 


Not U.scd 






ca 


Ceramic Chip 


fl OI/jlE 


Sf)V 




CIOS 


CcramkChip 


0.01 /if- 


SOV 


i-9 


Electrolytjc 




25 V 




Cl 06 


Ceramic Chip 


O.OI/iF 


SOV 


cro 


Ceramic Chip 


0.01 ^d- 


SOV 




Cl 07 


Electrolytic 


22/aF 


2SV 


CIJ 


Ceramic Chip 


0,Ol/xF 


SOV 




cins 


Ceraniic Chip 


O.Ol/iF 


50V 


CJ2 


Ceramic Chip 


OOJ/xF 


sttv 




CT09 


Ceramic Chip 


Factory Adjust 


SOV 


C13 


Cci auiic Chip 


r.fc iory Adjust 


-50V 




Cl lU 


Mica 


22pF 


SOtIV 


CM 


CeraxnkChip 


0 OI^T-’ 


S)V 




f; 1 1 1 


Mica 


22pF 


soov 


CIS 


Eilccrrolviic 


22/ih 


25 V 












C16 


Ceramic Chip 


OOI^/F 


SOV 






VARJAIU.E CAPACITORS 




CI7 


Ceramic Chip 


OOImF 


SOV 




VCl 


Ceramic 


2- l2pF 


250V 


CIS 


Elcctrolyiic 


22/d-’ 


2SV 




VC2 


Ceramic 


2- l2pF 


250V 


Cl? 


Ceramic Chip 


O.OlfiF- 


SOV 




VC3 


Ceramic 


2 5 - 20.Sp[ 


250V 


C20 


Ceramic Oiip 


OOlfiF 


SOV 




VC4 


CcT^ifiiic 


2- l2pF 


2 SOV 


C^2l 


Ceramic Chip 


0.01//F 


SOV 












C22 


Ceramic Chip 


0 01/iF 


SOV 






Tl<.\NSISTORS 




C23 


CcrumicGtip 


Faclury Adjust 


SOV 




Qi 


NPN 


2 SC 3120 




C24 


EJecirolyiic 


22fiP 


25 V 




02 


NFM 


2, SC D20 




C25 


Ceramic Oiip 


Factory Adjust 


50V 






NPN 


2 SC 3 120 




C26 


Ceramic Chip 


Factory Adjust 


SOV 




CM 


NPN 


2 SC 3 120 




C27 


Ceramic Chip 


OOI//F 


SOV 




Q5 


PNF 


2 SA 1226-3 -4 




C28 


Elcctrohtic 


22/.F 


2SV 




Q6 


PNP 


2SA 1226-3-4 




C79 


Ceramic Chip 


Cl OI/iF 


SOV 




Q2 


PNP 


2SA 1226-3.4 




CM) 


Ceramic Chip 


O.Ol/iF 


SOV 






PNP 


2SA 1226-3.4 




C3l 


Ceramic Chip 


5 pi- O.SpF 


SOV 




09 


NPN 


2 SC 271 2-0. Y 




C32 


Ceramic Chip 


OOl/iF 


SOV 




QIO 


NPN 


2 SC 27 12-0 V 




C73 


CcmnicChip 


OOl^F 


SOV 




QM 


NPN 


2 SC 162? -.3 .4 




C3^4 


CcianiicOup 


[) Itl^r 


.SOV 




QI2 


NPN 


2 SC 271 2-0. Y 




C35 


Ceramic Chip 


0.(Jl/iF 


SOV 




QM 


NPN 


2 SC 2712 0 Y 




C36 


C’cramic Chip 


0,0 ImF 


SfiS' 




QI4 


NPN 


2 SC 27 J 2-0. Y 




C37 


Ceramic Chip 


O.OIhF 


SOV 




Q15 


NPN 


2SC'27|2-0 Y 




C3S 


Ceramic Chip 


0 0] /if- 


SOV 




Ql6 


PNP 


2SA 1226-3 4 




C39 


Elccliolviic 


Z2/iE 


2-SV 




QI7 


PNP 


2SA 1226-3.4 




C40 


Ceramic Chip 


Factory Adjust 


SOV 




QI8 


NPN 


2SC27J2-0 Y 




C4J 


Ceramic Chip 


0.01 /tF 


SOV 




Q19 


PNP 


2SA i 162-Y.O 




C42 


CerainicChip 


0 Ol/^T 


SOV 




020 


NPN 


2 SC 1 !Xi7 




C43 


Ceramic Chip 


O.OIhF 


SOV 




021 


NPN 


2 SC l!X)7 




C44 


Electrolytic 


22mF 


25 V 




Q22 


NPN 


2 SC 1621-3.4 




C4S 


Cernmic Chip 


OOI/aF 


50V 




Q23 


NPN 


2 SC 3 1 20 




C46 


Elect rolytic 


22/iF 


25V 




Q24 


NPN 


2 SC 3120 




C47 


Ceramic Chip 


0 OJ/aF 


SOV 




Q25 


NPN 


2. SC 3120 




C48 


Eleclrolylic 


22/aF 


25 V 




Q26 


NPN 


2 SC 3 120 




C49 


Ceramic Chip 


OOl/iF 


SOV 




027 


NPN 


2 SC 3 120 




CSO 


Ccnniic Chip 


0 f/il’ 


SOV 




Q2H 


NPN 


2 SC 3 120 




C5I 


Ceramic Chip 


O.I/iF 


SOV 




Q29 


PNP 


2SA 1226-3.4 




CS2 


Ceramic Chip 


33pF 5*^ 


SOV 




Q30 


PNP 


2SA 1226-3.4 




C53 


Ceramic Chip 


33pF 


SOV 






PNP 


2SA 1226-3.4 




C54 


Ceramic 


0 l;/.F 


50V 




Q32 


PNP 


2SA 1226-3,4 




CSS 


Ceramic 


0 Ih' 


SOV 




Q33 


Nl^N 


2SC27I2 O.V 




C56 


Elcclrolytic 


22/iF 


25 V 




QVl 


NPN 


2 SC 2712-0 Y 




C57 


Ceramic Qiip 


O.OImF 


SOV 




(035^0 


w Not Used) 






CSS 


Electrolytic 


22/iF 


25V 




Q6I 


PNP 


2SA 122(>3,4 




C59 


Ccraniic Chip 


O.Olji-F 


SOV 




Q^i2 


PNP 


2SA 1226-3.4 




C60 


Electrolytic 


22/i.F 


2SV 




063 ' 


NPN 


2 SC 3120 




C61. 


Ceramic Chip 


0-0 ImF 


50 V 




Q64 


NPN 


2 SC 31 20 




C62 


Elcclrolylic 


47/aF 


lOV 




Q65 


NPN 


2 SC 3 1 20 




C63 


Ceramic Chip 


O.OIhF 


SOV 




Q66 


NPN 


2 SC .3 1 20 




C&1 


Cleclrolylic 


22/iF 


25V 1 




Q67 


PNP 


2SA 1226-3.4 




C65 


Not Us-cd 








Q^iy 


PNP 


2SA J 226-3 4 




C66 


Ceramic Chip 


22pF S% 


5C.1V 




Q69 


NPN 


2 SC 3 120 




C67 


Ceraniic Chip 


22pF 5% 


SOV 




Q70 


NPN 


2 SC 3120 




C68 


Ceramic 


O.l/^F 


SOV 




Q71 


NPN 


2 SC 31 20 




C69 


Ceramic 


O.l^d- 


SOV 












1 (C70^C^NolUscd) 










DIODF2S 




C9f 


Ceramic Chip 


0.01 mF 


50V 




D1 


Dciocior 


MA 151 Wa 




C92 


Ceramic Chip 


JOfiE OSpF 


SOV 




D2 


Detector 


MA ISI WA 




C93 


Ctmmic Chip 


O.OJ/iF 


SOV 




D3 


fFeicctor 


Ma 151 WA 




C94 


Ceramic Chip 


0.01/iF 


SOV 




124 


Detector 


MA 151 wa 




C95 


CeiamjcChip 


0 01//F 


SOV 




D5 


Detector 


N(A 151 A 




C^t6 


Cciamic Chip 


0.01/tF 


SOV 




D6 


Dc lector 


MA ISl WA 





31 






Sj nibol 
No. 


Dracriplion 






(n7-rj20N(H Used) 








w.] 


Dciecror 


MA 151 A 






W.2 


Noi Used 








D2} 


tVlccior 


MA 151 A 






D24 


CX;1cclOf 


MA 151 A 








tVTKGItJ 


^TEDCIRCUn 






ICI 


C MOS 


74 HC 08 






\C2 


C. MOS 


74 HC CI2 






1C3 


C. MOS 


74 HC 109 






IC4 


C, MOS 


74 HC 123 






IC5 


rn. 


74 LS 123 








PRINTED ClRCUrr BOARD 






T- 3555 A VERTICAL PREAMPLIFIERS 






T-3556 








VERTIC 


^AL FINAL AMPLIFER 








RESISTORS 






Rl 


McGill Glaze 


9ia 


1% 


I/6W 


R2 


Mcul Glaze 


91 n 


)% 


I /6W 


R3 


CaiSon 


1001 i 


5* 


1 ;6V^' 


R4 


Carbon 


1000 


5% 


1/6W 


R!) 


Metal Glaze 


2KO 


1% 


I/6W 


R6 


Mela! Glaze 


2K11 


1% 


l/bW 


R7 


Carbon 


1500 


5% 


I/6W 


R8 


Carbon 


OO 


5% 


I/6W 


R9 


C;irbon 


F- jctory Adjust 


5% 


I/6W 


RIO 


Ciirtxxi 


3900 


5% 


]/6W 


R1 1 


Metal Glaze 


4i0n 


1% 


I/6W 


RI2 


Carbon 


3900 


5% 


1 /6W 


RJ3 


Carbon 


lOOO 


5-3t 


I/6W 


RJ4 


Carbon 


lOOO 


5% 


1/6W 




Metal Glaze 


13011 


1% 


I/4W 


RI6 


Metal Glaze 


1300 


1% 


J/4W 


RI7 


Metal G];ize 


2200 


1% 


1/6W 


RJ8 


Carbon 


2200 


5% 


I/6W 


RI9 


Carbon 


270 


5% 


I/6W 


R20 


Carbon 


Factory Adjust 


5% 


I/6W 


K21 


Carbon 


Factory Adjust 


5% 


I/6W 


R22 


Carbon 


270 


5% 


I/6W 


R23 


Carbon 


470 


5% 


1 /6W 


R2J 


CortKin 


470 


5% 


I/6W 


R2!> 


MelaL Glaze 


6800 


5% 


IW 


Rib 


Metal Gla/jc 


6800 


5% 


IW 


JPJ 


Carbnn 


OO 


5% 


I/6W 


JP2 


Carbon 


00 


5% 


]/bW 


JP3 


Carbon 


OO 


5% 


1/4W 




VARIABLE RESISTORS 






VRJ 


Carbon 


Factt>iy' Adjust 


2(l^^ 


1 /3W 


VR2 


Carbon 


2000 


2(l'i 


1/3 W 




CAP 


ACITORS 






C] 


MiL-a 


Facloiy Adjust 




,500V 


C2 


Mica 


Factory Adjust 




500V 


C3 


Ceramic 


0 01/a .F 




50\' 


CJ 


Mica 


Factoty Adjust 




500V 


C5 


Mica 


47pF 




5(»:iv 


C6 


Ceramic 


0,01^iF 




50\' 


C7 


Ceramic 


0.0 1 ;[lF 




50V 


C8 


Ccramif 


o.oifih 




50V 


C9 


Ceramic 


0.00 IptF 




500V 


CIO 


Etectfolyiic 


22^F- 




25 V 


Cl 1 


Elcclrolylk- 


Ilfii 




25V 


CI2 


Ceramic 


OOlfiF 




50V 


C13 


Electrolytic 


2.2f^h 




200V 




VARIABL 


E CAPACITORS 






VCl 


Ceramic 


4pF-400pF- 




250V 


VC2 


Ceramic 


4pF^400pF 




250V 


VC3 


Ceramic 


4pF - 400pF 




2505' 




TRANSISTORS 






QI 


NPN 


2SC2b7| 






Q2 


NPN 


2SC2b7I 







Symbol 

No. 


Dcs( ripliofi 






Q3 


NPN 


2 ;;C 267 1 






Q4 


NPN 


2 :;C 267 ] 






Q5 


NPN 


2 :;C3600-D.F. I- 




Q6 


NPN 


2 :;C 3600-D.E.F 






PRINTED CTR CLIT BOARD I 






T-3556 A VERTICAL FINAL AMPLIFI 

1 


ER 


T- 


3557 








VERTICAL MODE 










VARIABLE RESISTORS 




VRI 


Carbon 


2( KV 


20^ 


1720W 


VR2 


CartKin 


2(K(l 




1 /70W 




CAPAC rroRS 






CJ 


Ceramic 


0 Olfif- 




50V 


C2 


Ccnimic 


0 Ol^F 




50V 




SWITCHES 






SI 


Push 


0 537 SUJ^ 








PRINTED CIBCUIT BOARD 






T-3557 VF.m ICAT. MODE 






T-3559 








TRIGGER SOURCE AMPLIFIER 








RESDTORS 






Rl 


Metal Glaze Chip 


7>n 


5% 


I/I6W 


R2 


Metal Glaze Chip 


4/0 




1/I6W 


R3 


Metal Glaze Chip 


2 4KO 


5% 


W3W 


R4 


Metal Glnzj; Chip 


2000 


5% 


I/16W 


R5 


MeUl Glaze Chip 


2 4K0 


5% 


l/KW 


Rb 


Meial Glaze Chip 


4/n 


5% 


I/I6W 


R7 


Meial Glaze Chip 


1200 


5% 


I/I6W 


R8 


MelaF Glaze Chip 


biori 


5% 


I/16W 


R9 


NFelal Glaze Oiip 


F tetory- Adjust 5% 


I/16W 


RIO 


McLal Glaze Chip 


F.iclory' Adjust 5% 


1/16W 


RM 


MeLal Glaze Cliip 


6300 


5% 


1/16W 


R12 


Metal Glazx Chip 


KOO 


5% 


I/I6W 


RI3 


Metal Glaze Chip 


5100 


1* 


l/RW 


RI4 


Metal Glaze CTiip 


1 5K0 


5% 


1/16W 


RI5 


Meial Glaze Chip 


470 


5% 


1/1 6W 


R16 


Meial Glti/c Chip 


470 


5% 


1/I6W 


RI7 


Metal Glaze Chip 


6 2KO 


.545. 


1/I6W 


RI8 


Metal Glaze Chip 


470 


5% 


1/16W 


R19 


Metal Glaze Chip 


3.7KO 


.5% 


I/I6W 


R20 


xMeliil Glaze Chip 


5.6KO 


5% 


I/16W 


R2j 


Meial Glaze- Chip 


3300 


5% 


I/I6W 


R22 


Metal Glaze Chip 


IfXlO 


5% 


I/16W 


R23 


Metal Glaze Chip 


2,7Kn 


5% 


1/16W 


R24 


Metal Gla/jc Chip 


lOKO 


5% 


I/16W 


R25 


Metal Glaze Chip 


C 


5% 


1/I6W 


R26 


Metal Glaze Chip 


lOOO 


5% 


1/16W 


R27 


Metal Gkizc Chip 


4.7KO 


5% 


1/1 6W 


R28 


Meial Glaze Chip 


1.8K0 


5% 


1/16W 


R29 


Meial Glaze Chip 


3 3K0 


S% 


J/SW 


R30 


Metal Glaze Chip 


2200 


5% 


1/16W 


R31 


Metal Glaze Chip 


750 


5% 


I/J6W 


R32 


Metal Glaze Chip 


470 


5% 


I/I6W 


R.33 


Metal Glaze Chip 


2,40 


5% 


l/RW 


R34 


■MeioJ Glaze Chip 


2000 


5% 


I/16W 


R35 


Metal Glaze Chip 


2.4KO 


5% 


l/HW 


R36 


Meial Glaze Chip 


■170 


5% 


I/I6W 


R37 


Meial Glaze Chjp 


f .iciory Adju,si 5% 


1/I6W 


R38 


Meial Glazi' Chip 


I actory Adjust 5% 


I/I6W 


R39 


Metal Glaze Chip 


1200 


5% 


I/I6W' 


R40 


Metal Gla/jc Chip 


6800 


5% 


1/16W 


R41 


Metal Glaze Chip 


(800 


5% 


1/I6W 


R42 


Metal Glaze Chip 


1800 


5% 


1/16W 


R43 


Metal Glaze Chip 


I SKO 


5% 


I/I6W 


R44 


Metal Glazj; Chip 


^70 


S% 


I/I6W 


R45 


Metal Glaze Chip 


( 2KO 


5% 


1/16W 


R46 


Meial Glaze Chip 


jOKil 


5% 


1/I6W 


R47 


Meial Glaze tTijp 


(.HKO 


5% 


1/16W' 



32 





DfMTlplioft 


Metal Gla/.c CMip 


lOKll 


5% 


Mclal Glaze Chip 


b.SKn 


5% 


Metal Glaze Chip 


ItlXt 


5% 


Cartwn 


IMU 


5% 


Cartxm 


130Kn 


5% 


Mclal Glaze Chip 


5bKll 


5% 


Metal Glaze Chip 


2 2KH 


5% 


Metal Glaze Chip 


IKH 


5% 


Metal Glaze Chip 


240n 


5% 


Metal Glaze Chip 


47fl 


5% 


Mclal Glaze Chip 


?,6Kn 


5-t 


Mclal Glaze Chip 


4,7Kn 


5% 


Msdal Glaze Chip 




5% 


Metal Glaze Chip 


47fi 


5% 


Metal Glaze CTiip 


2.4K11 


5% 


MetaJ Glaze Chip 


Factory Adjust 


5% 


Metal Glaze Chip 


2700 


5% 


Mclal Glaze Chip 


S20O 


5% 


Metal Glaze Chip 


IW>0 


5% 


MclaJ Glaze Chip 


l,5Kn 


5% 


Metal Glaze Chip 


470 


5^ 


Metal Gliize Chip 


b.2Kll 


5% 


Metal Ghi/x Chip 


lOKO 


5% 


Metal Glaze Chip 


b.mn 


5% 


MetaJ Glaze Chip 


3.9KO 


5% 


Metal Glaze Chip 


lOKO 


5% 


Metal Glaze Chip 


6.SKO 




Metal Glaze Chip 


^9K^l 


S% 


Metal Glaze C*hip 


lOOKO 


5% 


Metal Glaze Chip 


lOOKO 


5% 


Metal Glazj: Chip 


lOOKO 


5% 


Metal Glaze Chip 


ISOO 


5% 


Carbon 


6.KO 


5% 


VARIABLE RESISTOILS 




Cartxin 


loon 


2iY: 


Carbon 


lOfJU 


20^ 


Carbon 


loon 


20-? 



CAPAClTfJRS 

0.01 ptF 

O.OlptF 

Facl<jn Adjust ^ ' t 

Facioi^ A<ljust 5*;^ 

O.OlptF 

22^l^F 
O.OlZptF 
0 OJ/^F 
0 OJ/xF 
82pF 
O.OI^F 
O.OI^xF 
Factory Adjusi 
Factory Adjust 
OOl/xF 
0.0 1 /iF 
22/iF 

Factory Adjust 
Factory Adjust 
lOU^F 
22/xF 
4 7^F 

(I IfiF 10' 

0,01 ^F 10' 

22^xF 

470ptF 

O.OlptF 

OOl^F 

O.OI^F 

Factor^' Adjust 

OOl^xF 

47^F 

OOl^F 

OOI^F 

47^F 

O.OJ^F 

0 01/xF 



Symbol 

No. 




IXNcriplioji 






TRANSISTORS I 




01 


SPN 


2SC3I20 




Q2 


NPN 


2 SC 3120 




Q3 


PNP 


2SA I22tv3,4 




CM 


PNP 


2SA 1162 V 




QS 


PNP 


2SA 122(^371 




Qb 


NPN 


2 SC 2712 O .Y 




Q-! 


NPN 


2 SC 3 J 20 




QS 


NPN 


2SC27I2 0 Y 




09 


NTN 


2. SC 271 2-0 Y 




QIO 


NPN 


2 SC 3120 




Qll 


NPN 


2 SC 3120 




012 


PNP 


2SA 1226 3 4 




013 


NPN 


2SC [621 3 H 




QI4 


jNPN 


2SA 1621 3.4 




QI5 


NPN 


2 SC 271 2-0 Y 




Ql6 


NPN 


2 SC 271 2-0. Y 




QI7 


J. FET 


2.SK J60A-K3.K6 




Qia 


NPN 


2 SC 27 12-0 Y 




Q19 


NPN 


2. SC 3 1 20 




Q20 


PNP 


2SA 1 162-GR 




Q2I 


PNP 


2SA I22(>3 4 




022 


NPN 


2 SC 27 1 2-0 Y 




Q23 


NPN 


2SC 2712-0 Y 








DIODES 




m 


Detector 


MA 15 IK 




D2 


Detector 


MA 1 5 1 WA 




D3 


Detector 


MA 15 IK 




r>4 


Detector 


MA IS IK 




D5 


Detector 


MA 157 




rx; 


IDcccctor 


MA I5IWA 




1)7 


Detector 


MA 15 IK 




D8 


DctcctoT 


MA 15 IK 




m 


DetecloT 


MA 15 IK 




mo 


Detector 


MAIM WA 




D1 1 


Detector 


MA 151 WA 






t 

INTEGR ATED CIRCUITS 




ICI 


CMOS 


TC 74 HC:02 




1C2 


(■ MOS 


TU: 7-1 HC02 






SWITCHES 




SI 


Push 


Q-537SUJ 40 




S2 


Push 


Q 537SUJ -10 




S3 


Push 


Q-537 .SUJ 40 




S4 


Push 


0-537 SCJ 40 




S5 


lAish 


0-537 SUJ 40 




S6 


Push 


0-537 SUJ 40 






PRLNTEU CIRCUIT BOARD 






T’3SS9A TRK;GK 


R SOURCE AMPLIFIER 




MISCELLANEOUS 




JXj 


Coimector 


5533-04 APB 






T-3558 






TRIGGER AMPLIFIEFt 








RESISTORS 




Rl 


Mclal Glaze Chip 


8,2Kn 5% 


UI6W 


R2 


Mclal Glaze Chip 


8.2KO S% 


I/I6W 


R3 


Mclal Glaze Chip 


Atn 5% 


1/I6W 


R4 


Mclal Glaze Chip 


330n 5% 


1/I6W 


RS 


Metal Glare Chip 


220 5% 


I/I6W 


R6 


Metal Glaze Chip 


68Tjn 5% 


I/I6W 


R7 


Metal Glaze Chip 


1 5KO 5% 


l/HW 


R$ 


Mclal Glaze Chip 


l,5Kn 5% 


I/8W 


K9 


Mclal Glare Chip 


Factory AdjuM 5% 


I/I6W 


RIO 


Mclal Glaze Chip 


Factory Adjust 5% 


I/I6W 


Kll 


Metal Glaze Chip 


loon 5% 


I/I6W 


R12 


Metal Glaze Chip 


4700 5% 


J/16W 


R13 


Mclal Glaze Chip 


8 2KO 55t 


I/16W 





Symbol 

'No, 




Deschplion 




(.3 


Elccirolyiic 


22#cF 


25V 


C4 


Ceramic Chip 


Factory AdjUi! 


50V 


C5 


Ceramic Chip 


Factory Adjust 


50V 


C6 


Ccmniic Chip 


220pF 5% 


50V 


O 


Ceramic Chip 


0.0 LiP 


50V 


C^i 


l-Jcctrolytic 


22mF 


25V 


C9 


Ceramic Chip 


0.0 I^F 


50V 


CIO 


Ccramk Chip 


220]iF 


50V 


CIJ 


Ceramic Chip 


0.01 //3-’ 


50V 


CI2 


Ceramic Chip 


OOI^F 


50V 


CI3 


Ceramic Chip 


0,01 /eh 


50V 


CJ4 


Ceramic Chip 


0,01/iF 


M)V 


Cl 5 


Ceramic Chip 


0 01 mT 


50V 


CI6 


Ceramic Chip 


0 0)^F 


50V 


CJ7 


Ceramic Chip 


O.OI^F 


50V 


ClH 


Ceramic Chip 


O.OJ^iF 


50V 


cjy 


Ceramic Chip 


0.01 ^iF 


50V 


C2fl 


Electrolytic 


22/eF 


25V 


C2I 


Ekclrolyth: 


22/^T 


25V 


C22 


Electrolytic 


ZZ^F 


25V 


C23 


Electrolytic 


47/iF 


lOV 


C24 


Electrolytic 


47;/F 


lOV 


C2.S 


Ceramic Chip 


0 Ol^F 


50V 


c:z6 


Metal Film 


0 10^? 


63V 


C27 


ElecUolylic 


A.lfx]- 


25 V 


C28 


Ceramic Chip 


0,0 I^F 


50V 


C29 


Ceramic Chip 


OOl/iF 


50V 


c:30 


Ceramic Chip 


0 OImF 


50V 


C3I 


Ceramic Chip 


OOl/xP 


541V 


^32 


Plastic 


0.056^F 


50V 


C33 


Ccraimic Chip 


OOl^F 


50V 


C34 


Tantalum 


22mF 


lOV 




TRj\NSm ORS 




Ql 


NPN 


2SC31ZO 




Q2 


NPN 


2 3120 




Q-^ 


PNP 


2SA 1220-3 4 




04 


PNP 


2Sa 122(^3.4 




Q5 


PNP 


2Sa I22fv3.4 




Qf, 


PNP 


2SA 1220-3.4 




Q7 


NPN 


2 SC 3 120 




QH 


NPN 


2 SC 3 120 




Q9 


NPN 


2 SC 3 120 




QIO 


NPN 


2 SC 3 120 




QII 


NPN 


2 SC 3 120 




QI2 


NPN 


2.SC3l2t) 




Q13 


PNP 


2SA l22(>-3.4 




Q14 


NPN 


2 SC 3120 




QI-^ 


PNP 


2Sa 1226-3.4 




QKj 


NPN 


2 SC 2712-0 




QI7 


PNP 


2 SA 1 1 6243 




QlH 


PNP 


2SA 1 162-4) 




QJ9 


NPN 


2 SC 2712-0 




Q20 


PNP 


2 SA 1162-0 




Q2I 


PNP 


2SA I0I5-GB 








DIODES 




DI 


f^tcctor 


MA 15 IK 




D2 


Detector 


MA 15 IK 




D3 


Detector 


MA I5IWK 




D4 


Detector 


MA 15 IK 




D5 


LED 


'rLG-226 




D6 


Detector 


MA 1 5 1 K 






INTECR. 


\ TED CIRCUITS 




IC\ 


C. MOS 


TC40I 1 BP 




IC2 


Comparator 


CA 37WF 




JC3 


Fast r TL 


74 F 20 K‘ 








COU^ 




LI 


1 ,0/xH 


= 10^^ 






SWITCHES 




SI 


Push 


Q-536ASUJ-W 






PRiNTED 


CIRCUIT BOARD 






T-3558A TRIGGER AMPLIFIER 

1 






MISCFXLANEOIS 




J30 


Connector 


S5J3-20APB 





SvmboJ 

'No- 




Dnarriplkm 






RI4 


MeiaJ Glaxc Chip 


6.0KD 


5% 


1/I6W 


R15 


MetaJ Gla/c Chip 


470 


.5% 


I/I6W 


KJ,6 


Metal Glaze Chip 


33011 


5% 


17I6W 


KI7 


Metal Glaze Chip 


2211 


S% 


1/I6W 


k)H 


Metal Glaze Chip 


bson 


5% 


I/16W 


R19 


Metal Glaze Chip 


toon 


5» 


I/I6W 


R20 


Mcial Glaze Chip 


6.2KH 


5% 


I/16W 


R2i 


Metal Glaze Chip 


2.7KD 


5% 


I/J6W 


R22 


Metal Glaze Chip 


4.7KD 


55{y 


l/KiW 


R23 


Metal Glaze Chip 


loon 


5% 


I/I6W 


R24 


Metal Glaze Chip 


4,7Ktl 


5% 


I/I6W 


R25 


Metal Glaze Chip 


2.7K11 


5% 


1/1 6W 


R26 


Metal Glaze Chip 


6 2K11 


5% 


1/16W 


R27 


Metal Glaze Chip 


47D 


5% 


1/16W 


R2X 


Me1:il Glaze Chip 


56tlC,i 


1% 


I/I6W' 


K29 


Metal Glaze Chip 


56tlU 


1% 


I/I6W 


R30 


Metal Glaze Chip 


4711 


5^ 


1 / 1 6W 


R.31 


.Metal Glaze Chip 


560a 


5t 


1/HW 


R32 


Metal Glaz.e Chip 


1 5K0 


5% 


1/I6W 


K33 


Metal Glaze Chip 


1 5KU 


5% 


I/I6W 


R34 


Metal Glaze Chip 


470 


5% 


I/I6W 


R3.5 


Metal Glaze Chip 


2200 


5% 


I/16W 


R36 


Metal Glaze Chip 


3.30D 


5% 


I/I6W 


R37 


Metal Glaze Chip 


«30D 


5% 


I/I6W 


RIR 


Metal Glaze Chip 


47D 


5% 


1/I6W 


R39 


Metal Glaze Chip 


47H 


5% 


I/16W 


R40 


Metal Glaze Chip 


39011 


5% 


I/I6W 


R4I 


Metal Glaze Chip 


47Q 


5% 


I/16W 


R42 


Metal Glaze Chip 


5.IK11 


5% 


1/16W 


R43 


Metal Glare Chip 


2KG 


S5t 


I/16W 


R<M 


Metal Glaze Chip 


33011 


5% 


I/I6W 


R45 


Metal Glaze Chip 


470 


5% 


I/I6W 


R46 


Metal Glaze Chip 


joon 


59t 


1/I6W 


R47 


Carbon 


0200 


5% 


I/6W 


R48 


Metal Glaze Chip 


3300 


5% 


1/I6W 


R49 


Metal Cla/r Cliip 


470 


5^ 


1/I6W 


K50 


Meta] Glaze Chip 


5600 


5^ 


I/I6W 


R5I 


Metal Glaze Chip 


lOOKO 


5% 


I/I6W 


R52 


Metal Glaze Chip 


TOKV 


5% 


I/I6W 


R53 


Metal Glaze Chip 


lOOKll 


5% 


1/1 6W 


K54 


Metal Glaze CTiip 


4 7MO 


5% 


I/16W 


R55 


Metal Glaze Chip 


KXJKU 


5% 


l/t6W 


R56 


Metal Glaze Chip 


lOKU 


5% 


I/16W 


R57 


Mela) Glaze Chip 


470KO 


5% 


I/16W 


R5S 


Metal Glaze Chip 


H»Kn 


5% 


I/I6W 


R59 


Melal Glaze Chip 


lOKO 


5% 


l/lfiW 


RW) 


MeiaJ Glaze Chip 


lOKfl 


5% 


I/I6W 


R6I 


Metal Glaze Chip 


6.SKO 


5% 


I/I6W 


R62 


Meial Glaze Chip 


6,8KO 


5% 


I/I6W 


R63 


Metal Glaze Chip 


lOKO 


55t 


I/I6W 


R64 


Metal Glaze Chip 


22KO 


5% 


I/16W 


R65 


Metal Glaze Chip 


1800 


5% 


1/I6W 


R66 


Metal Glaze Chip 


lOOKO 


5% 


1/I6W 


R67 


Metal Glaze Chip 


2.2KO 


5% 


1/I6W 


R6X 


Meui Glaze Chip 


22KO 


5% 


1/16W' 


R69 


Metal Glazo Chip 


lOKO 


5% 


1/I6W 


R70 


Meui Glaze CXip 


lOKO 


5% 


I / 1 6W 


R7I 


Carbon 


0.2KO 


5% 


I /6W 


R72 


Carbon 


150 


5% 


1/6W 


R73 


Carbon 


150 


55^ 


1/6W 


R74 


Carbon 


3.3KO 


5* 


I/6W 


R75 


Carbon 


470 


5% 


I/6W 


R76 


Carbon 


I.2KO 


5% 


I/6W 




VARIAB 


LE RESISTORS 






VR] 


Citrbon ' 


2KO 


20^ 


1/3W 


VR2 


Carbon 


20KO 




I/20W 


VR3 


C'arbon 


20KO 


20% 


1/3W 




ca: 


PACITORS 






Cl 


Electrolytic 






25 V 


C2 


Ceramic Chip 


OOl^F 


i 


50V 



34 






T-3560 SWEEP 



MctaJ Gliux Chip 
Metal Glaze Chip 
MeUi Glayr Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glazr Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Me(al4Glazc ChJj 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Mdal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Ghize Chip 
Metal Glazi; Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Gktze Chip 
Metal GlazcChip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
McUjI Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Gla/e Chip 
Metal Glaze Chip 
McLal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 
Metal Gla/e Chip 
Metal Glaze Chip 
MeuI Glaze Chip 
Metal Glaze Oiip 
Mcul Glaze Chip 
Metal Glaze Chip 
Metal Glaze Chip 



Dracriplion 



RESISTORS 

looKa 

KWK11 

»2Ka 

lOKfl 

390Q 

lOKU 

T.8KI1 

l2Ka 

JKIJ 

2.2KU 

22KO 

470 

1 5KH 
4.7Kn 
27KO 
330Q 
471i 
3300 
4700 
5100 
470 

3 3K0 
lOKO 
lOOKO 

I. 8K0 
JOKO 
12K0 
2,2KO 

ymi 

470 

330tl 

22KO 

IKO 

4700 

470 

3 3KO 
I5K0 
33KO 
lOOO 
5,6KO 
S,2Kn 
470 
lOOO 
4.7KO 
4.7KO 

2 2KO 

J. 2K0 
1.2K0 
lOOO 
4711 
7500 
IKO 
4.7KO 
IKO 
470 
2.4KO 

4 7KO 
lOKil 
4700 
1000 
JOKO 
lOKO 
I.8K0 
lOKO 
1.5K0 
IKO 






Symbol 

No. 




Deve.dpllon 


C44 


Cenuiik: Chip 


LSOjiP 5^^ 


50V 


VA5 


Ccniniic Oijp 


Factor) Adjust 


50V 


VAb 


Ccnimk Chip 


lOOOpF 


50V 


C47 


CcraniK Chip 


KKlOpF 


50V 


C4S 


PhisMc 


0.082^ F 


50V 


C49 


Tanlalurn 


lOfiF 


lOV 




VARLABL 


E CAPACITORS 




vn 


Ccriinic 


10 mopF 


500V 




transistors 




01 


NI'N 


2SC7.71:M) 




Q 2 


NPjV 


2 sc 1621-3 4 




Q3 


PNI" 


2SA 81 lA 17 18 






NPN 


2 SC 1621-3.4 






FET 


fiPA 7IA-L 






NPN 


2 SC 3120 




Q 2 


PNP 


2SA 1226-3 4 




QS 


NPN 


2SC 1621 .64 




(/:j 


FFT 


^PA 71A-1. 




QIO 


NPN 


2 SC 1621 -.3 4 




QM 


PNP 


? SA rt 1 1 A- 1 7 18 




0)2 


NPN 


2 SC 3 120 




013 


PNP 


2SA 1226-3 4 




Q14 


PNP 


2SA 1226 .3.4 




QJ5 


NPN 


2 SC 1621-3 4 




Qf6 


PNP 


2SA 1226-3 4 




Q17 


PNP 


2 SA 1226-3.4 




QI8 


NPN 


2 SC 3 120 




QJ9 


PNP 


2SA 1226-3 4 




Q20 


NPN 


2SC3J20 




021 


NPN 


2 SC 3 1 20 




Q22 


NPN 


2 SC 3 120 








>lODES 




Dl 


Dole Cl or 


ISS90 




D2 


Detector 


MA 157 




D3 


Detector 


MA I5JK 




LM 


ZontT 


02CZ4 3Y (4,3V) 




05 


Detector 


1S5 99 




1)6 


Detector 


MA 157 




D7 


Detector 


MA 15IK 




D8 


Detector 


MA ISjK 






Detector 


MA 151 WK 




DIO 


Detector 


MA 15 IK 




Dl J 


Detector 


IS 1588 




DI2 


2!ener 


RD3.3Ea (3.3V) 






intkgr; 


VTED CIRCUITS 




ICl 


Fisi TTL 


74F02 PC: 




[67 


Fast TTT, 


74F02 P(,- 




lO 


C. MOS 


MC74 HC I23N 




[C4 


C. MOS 


TC 74 HC OOP 




IC5 


Linear 


TL07J CP 




[C6 


Fast TTL 


74F74PC 




Id 


C. MOS 


TC74 HC 02 P 




IC8 


I.ir>ear j 


TLrni CP 






PRINTED 


CIRCUIT BO.VRD 






T- 3560 SWEEP 






MISCELLANKOCS 




J47 1 

1 


CoilIKCtOf 


5533 J4APF1 






T-3561 






HORIZONTAL AMPUFIER 




i RESLSTORS I 




KJ 


Metal Ghize Chip 


5 IKH 1% 


J/8W 


K2 


Mela) Cfla/c Chip 


5,IKn 1% 


um' 


R3 


Mcliil Gla/c Chip 


I.5KD 5% 


I/J6W 


H4 


Metal Glare (.'hip 


3 9K1I 5% 


I/J6W 


R5 


Metal Glaze Chip 


1 OOK n 5% 


I/I6W 


R6 


Metal Glaze Chip 


lOOKIi 5% 


J/I6W 












S)mhoT 

No. 




I!>rscf i p[ ion 






R7 


Metal Glaze Chip 


lOOKD 


5% 


]/16W 


R8 


Metal Glaze Chip 


5,6Kn 


5% 


l/]6W 


R9 


Meu] Glaze Chip 


7.5J^^^ 


1% 


I/8W 


RIO 


Meta] Glaze Chip 


2.7KH 


1% 


U8W 


Rl J 


Mctiil Glaze Chip 


471 


5% 


I/I6W 


RI2 


Metal Glaze Chip 


3K11 


156 


I/I6W 


RI.3 


Metal Glaze Chip 


471, 


5% 


I/16W 


R14 


Metal Glaze Chip 


2,71va 




1/8W 


ki5 


Metal Glaze 


] 5K0 


1% 


J/6W 


k|6 


Metal Glaze 


I 5iai 


1% 


1/6W' 


KIT 


Metal Glaze Chip 


2 7KQ 


)% 


1V8W 


RI8 


Metal Glaze Qtip 


OQ 


5% 


J/I6W 


RI9 


Metal Glaze Chip 


I50T 


lAh 


1/8W 


R20 


Metal Glaze CTiip 


Oil 


5% 


I/I6W 


R2I 


Metal Glaze Chip 


IKD 


]» 


I/8W 


R22 


Metal Glaze Chip 


l,2Ka 


I't 


l/KW 


R2.3 


Metal Glaze Chip 


ioo:i 


5% 


UI6W 


R24 


Metal Glaze Chip 


.3 3K11 


1% 


I^SW 


R25 


MeUil Glaze Chip 


680.2 


5% 


I/I6W 


K26 


Metal Glaze Giip 


680 ) 


5% 


I/I6W 


R27 


\fetal Gla/je Chip 


lOG 


5% 


UI6W 


R2S 


Melal Glaze Chip 


820:2 


5% 


I/I6W 


R29 


Metal Glaze Chip 


820:) 


5% 


UI6W 


R30 


Melal Glaze Chip 


ion 


5% 


I/J6W 


R3I 


Melal Glaze Chip 


IKU 


5% 


I/I6W 


R32 


Me4al GJiize Chip 


IKIl 


5% 


I/I6W 


R33 


Melal Glaze Chip 


8 2KO 


1% 


I/8W 


R.34 


Not Used 








R35 


MetjJ G);tze Chip 


220:1 


5% 


1/I6W 


R36 


Metal Ghi/e Chip 


J 5K.a 


5% 


I/SW 


R37 


Metal Glaze 


l8Ka 


5% 


1 W 


R38 


Metal Glatzc Chip 


i5oiai 


5% 


l/HW 


R30 


Metal Ghize Chip 


4?n 


5% 


I/16W 


K40 


Metal Glaze Chip 


I2KQ 


5% 


1/I6W 


R41 


Metal Glaze Chip 


1 5KQ 


r*: 


1/8W 


R42 


Metal GlazcChip 


l.5b.Li 


\% 


1/8W 


K4? 


Metal Glaze Chip 


IZKtl 


5% 


1/I6W 


R44 


Metal Glaze Chip 


4711 


5% 


I/16W 


R45 


Metal Glaze Chip 


2K^' 


1% 


I/8W 


R46 


Metal Glaze Chip 


]50n 


5% 


I/I6W 


R47 


MeUi Glaze 


18KU 


5% 


1 w 


R4R 


Not Usn.xl 








R49 


Metal GUi/e Chip 


680il 


5% 


1 / 1 6W 


R50 


Melal Glaze Chip 


i5oi:a 


5% 


1/BW 


R5I 


Metal Glaze Chip 


8.2H1 


1% 


I/8W 


R52 


Metal Glaze Chip 


IKf 


5% 


1/1 6\V 


R53 


Melal Glaze Chip 


nK>a 


5% 


1/I6W 


RS4 


Metal GlazcChip 


loon 


5% 


1/I6W 


R55 


Carbon 


4711 




1/6W 


R56 


Carbon 


4711 


5% 


I/6W 


R57 


Carbon 


2212 


5% 


I/6W 




VARIAI 


ILK Rf SIS20RS 




VRI 


Carbon 


iKn 


205t> 


1/3W 


VR2 


Carbon 


I0K2 


20% 


1/3W 


VR3 


Carbon 


IKU 


20% 


I/3W 


VR4 


Carbon 


2KU 


20% 


U3W 


VR5 


Carbon 


20011 


20% 


I/3W 


VR6 


Carbon 


30011 


20% 


I/3W 




CAPACn ORS 






Cl 


LlectToiylic 


22^d- 




25 V 


C2 


Elcctrolytie 


I00/-F 




lOV 


C3 


Ceramic Cfiip 


0.01 uF 




50V 


c:4 


Nol Used 








C5 


Nw Used 








C6 


Elcctrolylk 


22^iE 




25V 


C7 


Ceramic Chip 


lOpl- 


0 5pF 


50\' 


C8 


Ceramic Chip 


220pE 


5 ^ 


50V 


C9 


Cci^nic Chip 


0.0 LzT 




50V 


CIO 


Cenrinic Chip 


O.OI.^F 




50V 


Cl 1 


Centittic 


0,00 >r 




50nv 


CI2 


Ceramic 


0 0l,iE 




500\' 


CI3 


Ceramic Cliip 


0 0J,il- 




50V 


CI4 


Conipr»riion 


0,75|T 




500V 
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S>7nbol 

No, 




Dvserip^ion 








Symbol 

No- 




Descriplion 




CJ5 


Elcctrolylk 


22mJ-' 




25V 




RI3 


Carbon 


5.60 5* 


1/2W 


C]6 


Ceraniic Oiip 


tl OJmP 




50V 




R14 


Cartxin 


5 6H 5% 


I/2W 


CM' 


Ccrarnic Chip 


t1 OImP 




50V 




R15 


Metal Glaze Chip 


4.7KD 5% 


I/8W 


ns 


Composition 


U 75pl- I0':t 




500V 












C19 


Ccrsnnic 


0 OImP 




500V 






V,VHIA 9LE RESISTORS 




C20 


Ceramic 


0 OOImP 




500V 




VRl 


Carbon 


5Kil 20^ 


1 720W 


C2\ 


Ceramic 


O.OOImF 




500V 




VR2 


Carbon 


5KU 20% 


J/20W 


C22 


Elccirolyiic 


22mL 




200V 




VR3 


Carbon 


20KD 20*** 


J/20W 


C23 


Elcctrolylic 


22/d-' 




25 V 




VR4 


Carbon 


5oon 20% 


1/3W 


C24 


EIcctfoIjiic 


21, 




25 V 












C'25 


Ceramic Chip 


0.0 ] 




50V 






C/iPAClTORS 




C2fi 


Mica 


22pF 




500V 




Cl 


Fleet rolyiie 


47^zF 


lOV 


C27 


TantaJum 


IQmF 




)6V 




C2 


EJccirolylJc 


47/zF 


lOV 


C28 


TafitjIiJiTi 


10//T 




]6V 




C3 


Plastic Film 


68CXh>r 2% 


snv 














C4 


Plastic Film 


68CK)pF 2% 


5t.iv 




VARIABLE CAPAC ITORN 








c:5 


Ceramic Chip 


27pl- 5% 


50V 


vn 


Ceramic 


4 tOpF 




250V 




C6 


Ceramic Chip 


0 OJmF 


50V 


VC 2 


Ceramic 


4 .10 pP 




25<JV 




<n 


Ccntmjc Chip 


0 OImF 


50V 














c« 


Ceramic Chip 


0 OImF 


iOV 




TRANS IS^rORS 


















NPN 


2 SC J 120 










TRANSISTORS 




Q2 


NPN 


2 SC 3 120 








Qi 


PNP 


2 SA 1 1 62-0 or Y 






PNP 


2SA 1226-3 4 








Qi 


PNP 


2SB435-f)orY 




Q4 


PNP 


2SA 1226-3 4 








Q3 


NPN 


2 SC 27 12-0 or Y 






PNP 


2SA 1226-3 4 








O'* 


NPN 


?SC ?7IM1otY 




Q(. 


PNP 


2SA 1226-3 4 








05 


PNP 


2SA 11 62-0 or Y 




Q' 


PNP 


2SA M62-G 
















Q8 


PNP 


2 SA M62-C 












DIODES 




Q9 


PNP 


2SA 1 162-G 








DJ 


Dclcctoi 


MA I51K 




QJO 


PNP 


2SA 1 162-G 








D2 


Zener 


RD5 IM-B2 




QII 


NPN 


2 sc: 3 1 20 








D3 


Detector 


MA 15 JK 




QI2 


PNP 


2 SA 1 2t)9 










LFD 


TI-XI-JW 




Oj:? 


NPN 


2 SC 291 1 
















QJ4 


NPN 


2 SC 291 1 










PRINTEL' CIRCUIT BOARD 




QI8 


PNP 


2SA 1226-3M 










T-356U PJTENSITY 




Q16 


PNP 


2 SA 1 209 






























MISCELLANEOL'S 








DIODES 








J54 


CoiincMtoT 


5533-lOAPB 




D1 


Detector 


MA 151K 
















D2 


Detector 


IS 1588 
















D3 


Detector 


IS 1588 














D4 


Detector 


MA I5JWK 








CRT SOCKET 






D5 


Detector 


MA 15] WK 






























RESISTORS 






u'rrEGRA'ir;D CIRC t ITS 








RJ 


Carbon 


lOOKO -5% 


I/2W 


[CJ 


C MGS 


ir ,W53 BP 








R2 


Carbon 


1 50n 5% 


1/6W 














R3 


Carbon 


l5(Ht -5% 


I/6W 




PRINTED CIRCUIT BOARD 


















T-3561A HORIZONTAL AMPLIFIER 








VARIABLE REISISTORS 
















VRl 


Met.il Gl;i/e 


220KH 25% 


1 /5W 




MISCELL AjNEOUS 
















Jf>8 


Conrxtctor 


SSO-7 










C;*,PACITORS 
















Cl 


Ceramic 


0 001^' 


500V 




T-3563A 










C2 


Ceramic 


0.00 


-500V 


HORIZONTAL DISPLAY 








C3 


Cenimic 


0 OOImF 


500V 




! SWITCHES 


















Push 


Q 535A SUJ 30 












cons 
















LI 


Choke 


0 33mH 






PRINTED CIRCU IT BOARD 








[-2 


Choke 


0,33mH 






T-35«A HORIZONTA I , DISPLAY 




























PRINTEE CIRCUIT BOARD 


















T-3565 \ CRT SOCKET 




T-3564 


















INTENSITY 






1 






MISCELLANEOUS 
















CRT Socket No. 1339 








RESISTORS 
















R[ 


McUiI Glaze Chip 


5-lKn 




1/8W 






T-3572 






R2 


MetjJ Glaze Chip 


.s6oa 


5% 


1/I6W 




1 HORIZONTAL POSITION 




R3 


Metal Glaze Chip 


5l0Ii 


1% 


I/8W 












R4 


Metal Gla/e Chip 


3,3Ka 


5% 


I/16W 






VARI AB LE RESISTORS 




R5 


Metal Gla/c Chip 


lOOKD 




1/8W 




VRl 


Carbon 


20KO 20% 


I/2CIW 


R6 


Mcial Gla/jc Chip 


a,2KO 


5^ 


I/I6W 












R7 


Metal Chip 


lOOKO 


\% 


U8W 






PRINTEL CIRCUIT BOARD 




R8 


Meial Glaze Chip 


K.2Kn 




I/I6W 






T-J572A HOKIZONTAL POSITIOS 




R9 


Metal Glaze Chip 


220KD 


5 % 


I/16W 












RIO 


Metal Glaze Chip 


5.6K11 


l‘)t 


lysw 












RU 


Mchil Gtazjc Chip 


3900 




1/8W 












RI2 


Metal GFa/e Chip 


lOKfi 


yx: 


1/I6W 
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Sjmbol 

No, 




Dc4;riplk>D 


T-3641 






CONNECTOR 








M1SCEI.LANEOUS 




PJO 


Connector 


3532^CMA 




P36 


Connector 


5532^ ]0A 




P39 


Connect Of 


3532-20A 




P47 


Conncclof 


5532^ I4A 




P54 


Connector 


3532^I0a 






PRINTED CIRCUIT BOARD 






T-J*4I CtiNNECTOR 





Symbol 

No. 


Dneription 


1 T-3573 ROTATION 




VRJ 


VARIABLE RESISTORS 

Carbon I 20KQ HTXr 


1/2DW 


01, 

Q2 


1 

TRANSISTORS 

NPN 1 2SC18I8-Y 

PNP 2SAI0I5^Y 






PRINTED CIRCtrT BOARD 
T-3S73A ROTATION 
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4. BLOCK DIAGRAM AND SCHEMATICS 




Fir. 4-1 LB0025 Intcrconnvdors 
(Schemulic lA of 12) 






Fig. 4*5 LBO-325 High Voltage 
(Schematic 4 of 12) 




Hr. 4-6 LBO-32S Vertical Input Amplinem 
(Schematic 5 of 12) 






Fi)i. 4-7 LDO-325 Vertical Preamplifiers 
(Schematic 6 of 12) 












Fig. 4-8 I-BO-325 Vertical Final Amplifier 
fSchemalic 7 of 12) 
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Fij(. 4-9 LBO-325 Trigger Source AmpJifier 
(Schematic S of 12) 










Hr* 4-1 1 LBO‘325 Sweep 
(Schematic 10 of 12) 









LEADER INSTRUMENTS CORR 



Leader instruments Cor^ TWC 

poration w*rr»MS ilS Dl 

products* to tw free from WfARI 

delects m mstenals tnd KR1 

workmanship for a ’ 

period ot two years trom ihe dale ot 
purchase Us ooiigaiton ur>der this war* 
ranty is limited to repainr>Q or replacing, at 
tis own sole option, any such detective 
products Products must be returned io a 
Leader Service Center with Transportation 
charges prepaid and must be accom- 



TWO YEAR 
WARRANTY 
POLICY 



PAD pamed by a bnet 

description or ir>e proo- 
I Y encountered and 

date and place ot pur* 
^ * chase This warranty 

does not apply to epoipment which ha« 
been damaged by accident, negltgence 
or mis apotication or has been altered o 
modified m any way This warranty ap- 
plies onty to the original purchaser whn 
musi have properly registered the produci 
within todays ol purchase 

LEADER WSTHUMEHTS COW . 





